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WHERE THE HIGHWAY DOLLAR GOES 


A STUDY OF COST DISTRIBUTION IN THE CONSTRUCTION OF CONCRETE PAVEMENTS 


Reported by J. L. HARRISON, Division of Management, U. S. Bureau of Public Roads 


since the beginning of the present business de- 

pression, there has been a good deal of reference 
to larger construction programs as a means of relieving 
unemployment. In the very nature of the case, an in- 
crease in activity in any line of construction work in- 
volves the employment of additional labor both on the 
job itself and in the preparation of the materials re- 
quired in its execution. 

All lines of construction work are valuable aids during 
seasons of unemployment but none is more effective as 
a means of providing widespread employment than 
highway construction, particularly of the higher types, 
involving as it does the direct employment of a con- 
siderable number of men on the job and the indirect 
employment of a far greater number, usually in the 
more thickly populated centers, in preparing materials, 
manufacturing equipment and supplies, and in trans- 
porting them. 

The widespread influence of Federal-aid highway 
work is especially noteworthy. The Federal-aid road 
act, effective since 1916, provides that all highway 
funds must be apportioned to the States and be ex- 
pended therein on the Federal system of highways. 
To date, as a result, the effect of Federal-aid highway 
expenditures has been felt in practically every county 
in the country. 

In view of the foregoing, this article has been pre- 
pared, in which is set forth as definitely as available 
data will permit the extent to which expenditures for 
highway improvement provide employment. The con- 
siderable extent to which such expenditures contribute 
to the support of others than those directly and in- 
directly employed is not analyzed in this article. 

It may be observed that the method of analysis 
followed in this article could be applied to any process 
of manufacture or to any activity involving the use of 
labor and salaried personnel. The results of such an 
analysis would show, in most cases, that the great bulk 
of expenditures are chargeable, either directly or in- 
directly, to the account of salaries and wages. It 
happens that the highway contracting business operates 
in general on a very narrow margin of profit; and this 
is also currently true of the activities indirectly con- 
nected with the construction of high-type roads, and 
concrete roads in particular—cement manufacture, the 
quarrying of aggregates, railway transportation, and 
coal mining. For this reason it is at least probable 
that the contribution to labor is higher in the case of 
road-building than in the case of many other industries. 
However, the chief advantage of increased highway 
construction during times of economic depression lies 
in the fact that it affords much direct employment and 
stimulates many lines of business activity at a time when 
such an impetus is greatly needed, while at the same 
time meeting the increasing demand for improved 
roads. 

For the purpose of the present study, concrete pave- 
ment has been selected largely because it is widely used 
on the Federal-aid highway system, and because the 
effect of expenditures for pavements of this type is be- 
_ lieved to be typical of the effect produced by expendi- 
tures on other high-type pavements as well. Further- 
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more, it is typical of the effect produced by expenditures 
for public works generally, which have a wider influence 
than might at first be supposed. The points at which 
the influence of different types of construction is applied 
differ, however. The erection of a steel bridge yields a 
different distribution of effect than is involved in the 
construction of a concrete pavement, and neither shows 
exactly the same distribution as the construction of a 
monumental building. But this is of little consequence, 
for though the application of effect is at different points, 
in all of these cases the general effect is much the same. 

The discussion which follows shows that while about 
80 to 90 per cent of the money expended for concrete 
pavement construction is ultimately paid out as salaries 
and wages, only about one-seventh or approximately 
15 per cent is paid to those employed on the jobs where 
these pavements are being built. 

Further analysis shows that about one-third of the 
cost of pavement is paid to producers of materials 
(sand, gravel, stone, cement, and steel) which are com- 
ponents of such construction. Another third is paid 
to the railroads and other transportation companies for 
transport service on account of the collection and de- 
livery of these materials. A large part of the remaining 
cost is paid to the producers of equipment. In all of 
these fields the gross payments made by the contractor 
are further distributed by the producer or the manu- 
facturer through his pay rolls and expense payments. 
Labor receives the major share of this distribution as 
the materials entering into highway construction are of 
little value in their original state. Values are created 
by the application of labor in manufacturing processes 
and in transportation. 

Labor employed on the job in quarries and pits, 
cement mills, by railroads and other transportation 
agencies, in the steel mills, powder mills, blast furnaces, 
ore pits or deposits, by equipment and machinery 
manufacturers, and by producers and distributors of 
the materials and supplies used by the above agencies, 
receives some part of the dollar expended for highway 
construction. For the most obvious phases of such 
construction, i.e., laying the pavement, production of 
materials, and transportation of materials and equip- 
ment, about 15 per cent is paid to labor utilized on the 
job; about 12 per cent for labor in the quarries, mills, 
gravel and sand pits producing materials for the pave- 
ment; and about 14 per cent as salaries and wages to 
railroad and other transportation employees engaged 
in transport of materials to the job. 

In addition to these operations, the equipment must 
be built; repairs and spare parts must be provided. 
Materials other than those cited above are required for 
equipment needs, all of which involve labor and 
additional transportation which again involves addi- 
tional labor, with the final result that instead of the 
40 per cent of cost allotted to labor employed on the 
most obvious phases of the work it appears that about 
three-quarters of the cost of the pavement is ultimately 
paid out as compensation for the work done in the 
processes, operations, and manufacture by which the 
multitude of raw materials are produced, manipulated, 
transported, and finally combined into the finished 
pavement. Thus, several times as much money 1s 
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finally disbursed to labor in a widely diversified field of 
occupations as is paid to the labor actually engaged in 
laying the pavement. 

Of the balance, which is made up of such items as 
profit, interest, rents, and charges for depletion, the 
major portion is reexpended as capital investment for 
new construction in some form, as for new factories or 
new buildings, where about the same proportion of the 
total expenditure is paid out in salaries and wages as is 
paid out in the highway field. When the salaries and 
wages resulting from such use of profits are added to the 
salaries and wages developed above, it will be found that 
about 90 per cent of all payments for the construction 
of concrete pavements is ultimately converted into 
salaries and wages. 

The analysis is terminated at the point where further 
employment of the funds concerned takes the form of 
personal expenditures by the recipients of wages, profits, 
interest, rents, etc. This further turn-over of the money 
originally expended for highways undoubtedly acts as a 
stimulus to business in general; the present discussion, 
however, is concerned only with the share received by 
the labor and salaried personnel employed, directly or 
indirectly, in the construction of highways. 


COST ITEMS ANALYZED IN DETAIL 


It will be of interest to examine these expenditures in 
greater detail, and for this purpose the following primary 
separation of the cost of concrete pavements has been 
made. 

1. The direct cost of laying concrete pavement 
(production expense). 

a. Labor. 

b. Aggregates. 
c. Cement. 

d. Steel. 

e. Equipment. 

These items cover the labor employed in connection 
with the various operations incident to laying the 
pavement, the cost of all materials of which the pave- 
ment is composed and the costs represented by the 
equipment used. 

2. Expense incurred in connection with 
concrete pavement other than for production. 

f. Installation of plant. 
g. Bonds and insurance. 

There are always certain preliminary expenses inci- 
dent to this work which must be met, such as the cost of 
getting on to the job, the cost of developing a working 
organization, and the cost of bonds and insurance. 

3. Job margin. 

h. Overhead. 
7. Financing. 
7. Net profit. 

Overhead, which includes central office salaries, 
rented quarters, the cost of bidding, etc., together with 
the cost of financing, must be paid out of job margin. 
After these and related expenses are satisfied the remain- 
der is the net profit on whatever money is invested in 
the enterprise. 

Based on 1929 prices in three typical States we have 
the first column of Table 1, which follows, as being 
reasonably representative of the first or primary 
distribution of cost of an average concrete paving job. 
These costs per square yard, when reduced to equiv- 
alent parts of pavement work done to the extent of 
$1,000, result in the distribution that is used in tracing 
the conversion of moneys paid for the construction of 
concrete pavement into payments for salaries and 
wages. 


laying 








TasBLe 1.—Primary distribution of cost of average concrete paving 
job, based on 1929 prices in 8 typical States 
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A distribution based on 1930 prices would differ 
somewhat from the above. A still greater divergence 
would be observed between a distribution based on 
current prices and the distribution given above. 
Indeed, such a distribution of the cost of concrete 
pavement as the one given above changes with every 
modification in the cost of labor or the cost of materials. 
It also changes as the average efficiency with which 
this work is handled changes, as well as with every 
improvement in methods and machines. 
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Fiaure 1.—TReEnp 1n Unit Cost oF ConNcrRETE PAVEMENT 
FOR ONE State, DurING THE YEARS FROM 1922 To 1929. 
THe Maximum Spreap, A, BetweEEN Materiats Cost 
AND AVERAGE Bip Pric#, Is $1.28; THE SPREAD IN 1929, 
B, Is not Over $0.53 


To show something of the nature of these changes 
Figure 1 has been included in this discussion. ‘This 
figure is a graphical presentation of the trend in the cost 
of concrete pavement in one State, together with the 
trend in the cost of materials used in the concrete. 
It is to be observed that, while the cost of materials 
has decreased, the cost of the other elements has 
decreased quite as steadily and rather more rapidly. 
In short, such a distribution as that given in Table 1 is 
of momentary applicability only. 

There would have been definite advantages in basing 
a discussion of this sort on current conditions rather 
than on those existing in 1929; but in an analysis of 
this sort much use must be made of figures regularly 
collected by the Bureau of the Census, and no figures 
collected by the Bureau of the Census on the subject 
of manufactures are available for any later date than the 
year 1929. Bureau of Internal Revenue figures have © 
also been freely used and, when this analysis was made, 
these were not available for any later date than 1928. 
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DISTRIBUTION OF THE HIGHWAY DOLLAR IN THE MARKETS OF THE NATION 


The primary distribution of costs in Table 1 shows 
the labor directly employed on the job as Item a. For 
the purpose of showing a résumé of the labor indirectly 
employed Table 2 is given below. This table is made 
up of a series of statements showing the accumulation 
of labor costs as one item after another is broken down 
to show the included labor cost. The analysis is dis- 
continued at the point (section 7) where the remaining 
items other than salaries and wages are in the form of 
payments to owners, i. e., owners of the business, of 
property, or of money used in the various businesses 
involved. The extent to which these items, interest, 
rents, profits, and reserve, are ultimately expended in 
salaries and wages is discussed in the latter part of the 
report. Following Table 2 is a presentation of the 
pepper une evidence on which these statements are 

ased. 

Item a. Labor.—Table 1 indicates that 14.1 per cent 
of the cost of concrete paving is used directly in the 
payment of salaries and wages. In the production of 
concrete pavements labor is used directly in preparing 
the subgrade, in handling materials, in hauling them 
to the mixer, in operating equipment, and in taking care 
of the curing of the pavement, as well as for the purpose 
of accomplishing the numerous other details incident 
to this work. The general practice is to organize a 
paving crew which thereafter is of fairly uniform size 
and therefore of fairly uniform cost per working day. 
The labor element of cost listed above in the second 
column of Table 1 is the average cost of working this 
crew per $1,000 worth of Portland cement concrete 
pavement completed. The actual labor cost varies 
somewhat, the minimum being around $115 and the 
maximum around $175 with an average that appears 
as not far from $141 of each $1,000 spent in this 

eld. 

This is not the whole cost of labor used directly on 
paving work, for, as will be developed in subsequent 
paragraphs, labor is used in getting on to the job and 
mm preparing plant and equipment for the work of 
production that is to follow, and some expenditure for 
clerk hire, salaries, etc., is involved in overhead. As 
that part of the cost of pavement which is covered 
under the item labor is a matter of payments to labor 
used on the job, a further analysis of these payments is 
not required. The purpose here is to indicate the 
amount of the cost of pavements of this type which, in 
one way or another, is paid out as salaries and wages. 

Item 6. Aggregates—Of the total cost of concrete 
pavement an average of about $324 per $1,000 spent 
is paid for aggregates (sand and gravel, stone, and slag) 
f. o. b. cars at the contractor’s materials yard. This 
price includes two items: Freight charges and the cost 
of materials f. 0. b. cars at points of origin—that is, 
at the quarries, gravel pits, sand pits, slag piles, etc., 
where these materials are produced. The data avail- 
able are not in sufficient detail to indicate an exact 
division of cost between these two fields. In general, 
freight charges on aggregates run between 50 cents and 
$1.25 a ton, the average charge reported by several 
shippers being in the neighborhood of $1 a ton. This 
can not be far from correct as statistics published by 
the Interstate Commerce Commission (Freight Com- 
modity Statistics, year ending December 31, 1929), 
show that during the year 1929 there were 81,408,069 
tons of gravel and sand delivered to the railroads for 
shipment as revenue freight, and that the gross revenue 











TABLE 2.—Distribution of $1,000 paid for concrete highway, 
showing the approximate total amount which reaches labor in 
each of seven successive steps 


(1) The contractor’s distribution of $1,000 expended (Table 1, 
column 2): 


Pe abOres ea BB Sa, ee Wn ee ees tt Le OG) 
Ue Mad oye eee eet, ee ee ene Oe ae 324. 00 
eae COU GTi seca a Me Aero S oe) Sen eee BE 324. 00 
er CGE Sea ge Pe, aig ay de ee een e 27. 00 
by ADtoquugoyeakevaqre nee le) ed ee Bowe oe were 100. 00 
Gaels dims Usl a hon eee ee we ie ee Ls 27. 00 
(Se DODUINg \OUC ste ae a nee ree ek A a 22. 00 
SCTE ONE PINOi Tee gs ee PEL NR Se Sore eek 35. 00 

1, 000. 00 


(2) After distribution of contractor’s charges (see Table 3): 


Ime DalATiCs amdewapGs 4a. —2 2 ot Mies so $302. 70 
PRL GOlC hte mete ee See ee BOM el 8 Set aes 1 406. 70 
Su Vi vOrinianc apples. ao Loo 1 30. 15 
AU PALAU ale <0 5 oe ee Ra De a Pee ae peer 35. 50 
He MLCT CSG as mene eee oe Se eee eel 2 oe Bo Ew 14. 10 
Lae filed sisiart ob Oe co ke Sai he A One) ees oe pees Oe 24. 10 
fee DEPreclatlon and Repalteee == sss a> te a 1118.15 
Ste Depletion seep es ea eee we 2 ook | 10. 50 
Oe GCA eee eee ee een PS eer ce 2 OS Pate 48. 10 
LOM ROmTedistriplittOne ss 2s Se ee eee 10. 00 
1, 000. 00 
(3) After distribution of freight charges (see p. 30): 
(PES Alaries*a Gi wap Gientem, Skins cere ote aL poe ee $477. 70 
JaaMaterials and supplies 22. = se_ soe ss 70) tats: 
Py MAKE ha seca end Re eee pe 5 ee oe A 57. 20 
ATP INCELesh he TON ts, (Cl Camera = eee metas bd 61. 70 
Lasepe ANEa k : |itedees ane ple Oy UR LA Sete ke set Ss oP eth ean ae 49. 70 
6. Depreciation and repairs__-__-__- sty bela eli gers 171. 65 
Tie A Sil OY A ee ROSEN Stee, hc, See By we OE 91. 00 
SeePOG OLE LION sas ee eee eee ee ee oe Le 10. 50 
OMSHOiere CIStY LO tl Disease en ee ee eS ee 10. 00 
1, 000. 00 
(4) After distribution of fuel costs (see p. 30): 
(eecalaniessanduwacess ayes melee S20 le fs gees $516. 00 
Ze Materialsyandesippies= sas see oe Ett 2 ee U1. 20 
BaelIperes ty Tents, ClCes saws = a= a be eae SO a 63. 75 
A aX CS 2 tex ee a ee a eS Be ees Set eee 51. 40 
Dp DCOreClablON AMG TeVaAlisaea a. "sae =e sees 176. 75 
GRE PTOl te see eee ern tae kien ae ee yy Bd oO ee a 91. 00 
ee DemletiGOne tem ie a eae ees a. 14. 90 
Shy Loe Cisne oheGiNeA — oats Be ese eS 10. 00 
1, 000. 00 
(5) After distribution of depreciation and cost of repairs (see 
Deol): 
ILoSalaniesian diwaAg ese saew a ee re ee ee $568. 70 
Dee Viateriaisvangst pple saa. = — ee = 45 176. 45 
SrLNPerests NCMUS CLC we eaten eo eee eS 65. 50 
AN Sx Gates ten aes See ee See eee SEI Se Sie 55. 80 
He Depletign tt es ser as ae ss ee ee 14. 90 
Gop brotbe ree ts Serene eee ee Pia wy eae led ne : 108. 65 
(eeLOmre dis CEM OULL RON ae a eet ee ee en 10. 00 
1, 000. 00 


(6) After distribution of cost of materials and supplies (see Di ok): 


ia Salariestand twacessee sean 2 oe pall ks $730. 90 
2 Interest Penis Cle wees ae te ee 73. 95 
Oc Lakes a et age Leo SOROS Fi PED Ee 2 2 39. 45 
die Depletion sat eae ae se ateetnS 2a. yea SS - = 17. 95 
aro fates meee mee ener eee Se ES a oe Py abe 5: 
Ga Horredistribution=s poe se Wide Toes, 10. 00 
1, 000. 00 
(7) After distribution of taxes and $10 for redistribution (see 
Drow aseae 
1. Salaries and wages--—------ of oe ee $771, 50 
Oo: Uiniterect ren be; Olin 5 Se oe te eH 81. 30 
SRO Ue een ee eee i eens be te 129. 05 
4. Reserve for depletion_-----~---- ig ee BBR 18. 15 
1, 000. 00 





1 These items adjusted for freight charges assignable to materials, supplies, replace- 


ments, and repairs. ‘ ae 
2 This item adjusted for amount transferred to materials and supplies. 
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from this source was $69,420,839, or about 85 cents 
per ton. Crushed, broken, or ground stone produced 
33,529,078 tons of revenue freight from which the 
revenue was $29,860,479, or a little over 89 cents per 
ton. 

As a general rule quarries, gravel pits, and sand pits 
are located with their major markets, the larger cities, 
in mind. When the average freight charges are con- 
sidered in the light of this fact, the average freight 
charge on materials sent to highway projec about 
$1 a ton as given by the larger producers—does not 
appear to be estimated too high. 

The Bureau of Mines (Sand and Gravel in 1928 and 
Sand and Gravel Production in 1929) gives the pro- 
duction and the value of paving sand and paving 
gravel produced in the United States as follows (average 
values as shown are computed from the figures given 
by the Bureau of Mines): 








Value per 











| 
mp “ ree | 
Tons | Value (ea 
| | 
iad : : as ey 

ietheahaeact navies) Wh PW (een eS ee Sek a ee 35, 606, 622 | $17, 767, 491 $0. 50 
1928. See SE Ee: Sere eee 35, 244, 544 17, 305, 750 . 49 
1920) 2 Ses Me oe eae ete 40, 801, 991 21, 131, 731 . 62 
Raving Cre vielsm lO 2 (= a= eae ae ee ee ne 44, 891, 975 29, 887, 365 2Ov 
TO 28 25 ee ee ee ee tee eee ne 49, O88, 786 30, 697, 993 . 68 
1900s se a) Sa een ane enna 60, 029, 164 38, 695, 207 | . 64 

| 





Similar figures on broken stone for concrete and road 
metal as released by the Bureau of Mines (Stone in 
1928 and Production of Stone in 1929) are as follows 





| Y 
<aalire | Value per 





Quantity | | ton 
pee eae £ ae a 
Broken stoner) 1927.02 2 eek ee eee | 78, 544, 210 | $84,177, 237 | $1. 07 
1928 <2 een eee ed eee | 74, 884, 490 81, 041, 349 | 1.09 
1.920 3 esheets eee eee ees | 76,174, 770 80, 685, 493 | 1. 06 


| | | 





If the average freight charges on sand, gravel, and 
broken stone at $1 a ton are combined with the average 
sand and gravel prices given above, the following 
results: 











| 
ieee | Arava) | Broken 
and | Gravel aan 
| 
Average: valles Der TON. 2 a. Se ee = eee ee ee $0.52 $0. 64 $1. 06 
Ereight charges perton2-< 5 ee eee 1. 00 1.00 1.00 
Viale as deliveredion timer ot) ae aceon eee rere een 1.52 1,64 3) °2.06 
Approximate price per cubic foot delivered_______.________ 07146 | .08% - 10446 
Percentage changes ple to: tO) ei theses aes eee eee 66 | 61 49 





These prices per cubic foot of aggregate delivered 
on the job are substantially in harmony with the average 
cost of aggregate given above—about 60 cents per 
square yard of pavement laid. Therefore, they are 
used as reasonably accurate and as indicating that the 
charges for freight absorb about 60 per cent of the cost 
of ageregate delivered on the job. 

Meticulous accur acy would require a somewhat 
closer division of costs than this and a somewhat wider 
distribution of transportation charges, for some of the 
aggregate used in pavement constr uction is moved 
from points of origin to the site of the work in trucks, and 
a small fraction is barged. However, no exact data on 
pe amounts so handled are available. The great bulk 
of these materials move by rail and the division of cost 
f. o. b. contractors’ yards, adey an approximation, 
is as accurate as available figures will produce and 
quite accurate enough to yield. significant results, 
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Concerning the distribution of the cost of sand and 
eravel f. o. b. cars at points of origin, the Bureau of 
the Census has released preliminary data under date 
of January 28, 1931. This release is based on the 
production during 1929 of 165,526,075 tons of sand and 
gravel in plants producing more than 25 ,000 tons annu- 
ally. For this same period the Bureau of Mines re- 
Pears a total production of 99,253,054 tons of sand and 

123,318,851 tons of gravel. The average vlaue of the 
total production in both cases is about 50 cents a ton. 
Therefore, while it would seem that the figures collected 
by the Bureau of the Census omit a considerable ton- 
nage of material produced by the smaller companies, 
it also is apparent that the average value of the pro- 
duct has not been disturbed by this situation. 

The data as to the sand and gravel industry released 
by the Bureau of the Census includes the following 
information: 


Per 
Amount cent 
Value of product, f. 0. b. plant__.--- $100, 016, 527 100. 0 


Salaries and wages, including contract work.__.-----_---_-- 33, 470, 169 33. 5 





SUppliCS eee se oe eee eed A eas eer 11, 666, 227 ad 
Fuel, including purchased electric power_.-.....------------ 8, 578, 371 | 8.6 
Equipment purchased during year___........_-.-...-.--.- 2 6, 757, 694 | 6.8 





The census of mines and quarries for the year 1919 
gives the following data as to quarrying costs: 


Limestone 


er C0 1 
only Per cent 


All rocks 











Capital__._-- Be 48, 759, 533 $32,124 867 |e nee ene ree 
Salaries::.caeesceucs be: 5 a 168, 303 3, 726, 593 7.0 | 
Wages: !5. eae a 45, 584, 798 23, 926, 3382 45.2 }53.5 
Contract work. 995, 976 665,557 | 1.3 | 
Materials and supplies- . 18, 441, 459 10, 968, 220 ; 20.8 
jig by Rapes SOC AG oP” OE BS BATE Pa e 5, 267, 846 2, 897, 432 5.5 
Purchased power...-..---- oe £2 are t 2, 213, 459 1, 278, 958 2. 41 
Royalties and rents_.--__-- ene A £e ed 1, 881, 290 667, 751 1. 35 
ANOS: 535 ek eee eee i 2, 088, 170 1,119,861 | 2.01 
Total expense_ SAEs as S BO ee 88, 091, 801 45, 250, 704 85. 6 


52, 943, 924 
51, 967, 290 
976, 6 634 


101, 684, 919 
100, 423, 476 
1,261, 443 


Total value, all products_- ane eee, 
Value of stone produced__ : ees aaa 
Value of other products. - - re Be eee SS 








67, 884, 000 49, 715, 000° laaetes 








SCOMe PLOdUCOd bonceneese=ss=ae eee eeeeee 


1 Percentage which each item in the column headed ‘ Limestone only”? bears to 
total value all products, $52,948,924. 


Since these figures were collected there has been some 
change in quarry practices but, on the whole, rather 
less than in most production fields, for the general 
methods followed in quarrying, handling, crushing, and 
loading stone are very much the same to-day as they 
were 10 years ago. ‘Therefore, though production has 
risen a vood deal (being eiven by the Bureau of Mines 
as 136,345,138 30 tons in 1927, 133,869,5 10 tons in 1928, 
and 141,109,580 tons in 1929) the cost distribution 
has changed only a little. This may be seen from the 
fact that the Bureau of Mines shows 22,967,579 man- 
days worked during 1929. (Quarry Accident Statis- 
tics.) Reports issued by the Bureau of Labor Sta- 
tistics (Trend of Employment and Labor Turnover, 
ae) ober, 1930, p. f and Monthly Labor Review, April, 

930, p. 158) indicate that the average weekly wage, 
fall time worked, in the quarries operated by cement 
companies was a little under $30 a week. Assuming 
that the wages paid in independent quarries were about 
what they were in the quarries owned by the cement 
POEMS labor cost in 1929 could: not have been 
much, if any, over $110,000,000 and probably was 
about Henan The total value of the stone 
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marketed was $202,692,762, so that the labor fraction 
bably exceeded 50 per cent of the value of the stone 

0. b, care at the quarries, 

_In the statistics issued by the Bureau of Mines, non- 
dimension stone is charged with 14,987,172 man-days 
of labor, which, at the figures given above, must have 
cost somewhere between $68,000,000 and $75,000,000, 
Nondimension stone is assumed to include: 





Tons Value 
ee 
Y1,70\, 20) Wh, WT, BT | 
th, Uhh, dh) V4, Uh, WN) 
1, 59, DH) Wil, Wi 

an 2,654, 00) 4, 164,771 | 
7,8Y,799 6, 061, BA | 

47, B19 1, 4h, WAS 
ui ome | 
: eee | 

154, 879,009 = M0, 711, 2 


Ce . 


From this it would aleo appear that the labor fraction 
in the cost of crushed stone is still somewhere between 
50 per cent and 60 per cent of the total cost; in other | 
words, that the 1919 cost distribution given above is 
not inapplicable to crushed stone production under 
current conditions. 

Of the aggregates used in producing concrete pave- 
ments about 25 per cent is sand. Where are no very 
reliable data as to the amount of gravel used as com- 
pared to the amount of broken stone used, However, | 
it will be assumed that 45 per cent is gravel and 20 per | 
cent broken stone, a distribution believed to be reason- 
ably accurate. 

{ the figures for gravel and sand production costs 
and the distribution of the production cost of broken 
stone 26 given above are combined on this basis, it 
would appear that the following is a reasonable dis- 
tribution for the aggregate field taken a8 a whole, 


Ver cent 
Salarica and wages__. 2% 
ee 14 
EMR a ide bara ie 2 _ BY, 


These figures account for about 60 per cent of the 
value of the aggregates purchased; the balance, nearly 
40 per cent, is unexplained in this statement. In the 
more complete distribution of this item the latest 
r of the Bureau of Internal Revenue (Statistics | 

Income for 1928) give the following information 
which is at least reasonably applicable. 

Tem 8. Mining and yvarrying wh Asewhere wpeci fied—Lessors 


4.—(Nore— This item includes corporations, but not 
1 cts i geime gravel pite and wand pits, as 


well ae a fraction fA other operations in the mining and quarrying 
fill not otherwise listed.) 


Grows vales— 
Corporations reporting net income 9A), 224, 447 
Corporations reporting no net income : 4%, 917, 270 


¥ i * 5 


_ Net income or deficit— 


Corporations reporting net income __. 
Corporations reporting no ner income. . 


$07, 201, 717 


= 


_ 92, BA, 4972 
$6, 817, 224 


—————— 


Total net income ____- TY ee pe 5, G87, O78 
Net ineome, per cent... ee. 521 
published by the Bureau of Internal Rev- 
include 4 further ey tore of — i | 
e mining and quarrying industry as 4 whole, 
following figures are given: 
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Ver cent 


Cost of goods sold. _.. 59. 79 
Compensation of officers 1, 54 
Interest paid........... pian 2. 76 
Taxes paid, other than income. _.__ . 2, 22 
BEE 6056s weave as : , 82 
Depreciation... .. 5, 74 
Depletion... .. ; ¥ . 5,89 
Miscellaneous deductions. —— . 16, 36 
Net profit. Sie oat 5, 38 

100, 00 


Combining these figures with those developed above, 
it would appear that the following is reasonably repre- 
sentative of the distribution of costs in the production 
of aggregate: 


Per cent 


Salarics and wages 38, 0 
sec rad 14.0 
Fuel, including purchased power 4, 5 
Interest, paid. _. 2,8 
‘Taxes, other than income. 99 
Bad debts ne 
Depreciation. . 5. 7 
Depletion 5,9 
Miscellaneous expense, 17,3 
| Profit (5.4 per cent seas Federal income tax) 4,1 
Income tax... 2,2 
100, 0 


While miscellaneous expense no doubt contains a 
variety of items, in this particular field it is so largely 
a matter of repairs and replacements of equipment that 
it will hereafter be so treated, 

Applying these figures to that part of each $1,000 
spent for aggregates, the following table results: 


Proportion of cach $1,000 spent for concrete roads gener- 


ated by expenditures for materials $524 
Vreight 194 
Salaries and wages 50 
Supplies — : ba: 1% 
Fuel, including purchased power Bt 
Interest. aoa ye 4 
Yaxes, including income tax 6 

Vad debe, less than 50 centa (4) 
Depreciation and depletion. 15 
Repairs and replacements 22 
Profit 4 
324 


The cost of cement absorbs an 


Item ¢. Cement. 


average of about $324 out of every $1,000 spent on 


concrete pavement, The average cost of cement is 
fairly accurately indicated by the fact that during the 
fiscal year ended June 20, 1929, vouchers for Federal- 
aid payments included 4,274,485 barrels of cement 
listed separately. The cost of this cement, including 
freight, was %5,455,676 or an average cost of about 
$2.07 per barrel, During 1929 there were 25,008,203 
tons of cement delivered to the railroads for shipment 


and freight charges to the amount of $67,083,562 were 


collected, This indicates an average freight charge of 
about 51 cents per barrel and an average value for the 
coment purchased separately for use on Federal-aid 
highway construction of about $1.56 per barrel, The 
figures published by the Bureau of Mines give the aver- 
age mill price of cement a8 $1.62 during 1927; a6 $1.57 
during 1928; and a6 $1.48 during 1929. The Bureau of 


the Census figures indicate an average value for 1929 


of 1.53. This figure is based on a production of 169,- 
868,322 barrels of Portland cement the value of which 


' Dropype4, 
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is given as $260,428,797. On the basis of 51 cents 

for freight and $1.48 as the 1929 price of cement, it paneer inertia 
would appear that about three-fourths of the cost of portitig 7) ey Danse 
cement isacharge for cement at the mills, and that about | 

one-fourth is a charge for freight; or, that of the $324 | QU®=YING n-ne rr 10 2.69 
per $1,000 spent on pavements about $81 1s paid for | Repalts- = ara 
freight and about $243 is paid for cement f. 0. b. cars ae SL ais sik Se es 


at the cement mills. 

As in other cases where freight is involved it is, of 
course, obvious that the railroads do not transport all 
of the materials shipped. Some of it moves in barges 
and quite a little moves in trucks; however, by far the 
larger part of the cement used in constructing highways 
moves by rail, so that for simplicity in analysis it will 
be assumed that it all does. 

The census of manufacturers gives the following 
figures for the cement industry for 1927 shown in the 
first column and for 1929 the more limited information 
shown in the second column (Summary by Industries, 
1929). 























| Value per 
| barrel 
1927 1929 af = 

| 1927 | 1929 
Value of Portland cement produced. -__| $287, 431, 268 | $260, 428, 797 | $1.66 | $1.53 
Salaries las w=. eek See een ee eee DG) 30), DSO Wena en eee oe 2003) |2aeeee 
IWiates: Yas sew Se ees 53,110,475 | 47,872,091 . 303 . 278 
Materials and supplies !____--_-_-.---- 59,495, 154 | 92, 599, 816 SOOo eee 
Bvelvand power toss no aees ee eee 60, 516, 871 | LEGER AEE 5 INS 54D |e eee ee 





1 These figures include natural and puzzolan cement, valued at less than 2 per cent 
of total value of allcement. They are obtained by dividing the costs shown in columns 
1 and 2 by the corresponding production including natural and puzzolan cement 
(1927, 175,380,381 barrels; 1929, 172,052,493 barrels). 


During the hearings before the Committee on Ways 
and Means (House ‘of Representatives, 70th Cong.), 
representatives of the cement companies filed various 
documents dealing with the cost of producing cement. 
Table 2 from page 8,344 of volume 15 of these hearings, 
which is based on data reported by 101 plants, gives 
the information shown in the first column _ below. 
These figures are for the year 1927. The second 
column gives similar figures compiled from reports 
from 122 mills for 1929 which were presented before 
the United States Tariff Commission in connection 
with a recent hearing on the dutiesoncement. ~ 











1927 cost | 1929 cost 

| in cents | in cents 

per barrel] per barrel 

Raw materials quarried and purchased, including labor-___-_- 20. 12 20. 11 
Wiel de Bet oe ere bee ee oh tas Cet Ue te es ee eee eee 24.30 21. 86 
Manutacthiring 14 borat v2 es ees eet ee nee 14. 21 11. 49 
Packing andishipping la pores sss 2 see eee eee eee A OTe eae sees 
Power, including labor 2+ 8-5. 120. dee Se eee semen 13.19 11. 62 
Other m anufacturing expense, including labor!_. 2-22-42 14. 63 14. 81 
Packing and shipping, Cxclusive Ofslavores=sae nee ene 5. 44 19, 58 
General and administrative expense______..-__-.--------_-_-_- 21. 64 13. 03 
Selling expenses oS 2 eS ee i Ta 13. 85 14.61 
Depreciation on buildings and equipment.._--2--2-.-5. 2-1 ee 
Inventory aG{usiment.. 2 sales ee re io econ ey = 8 . 26 
Interest on investment (computed at 6 per cent)____-___________ | 19. 14 19. 50 
150.59 | ~ 148. 64 











1 Includes labor. 


Another table given in the report of hearings before 
the Committee on Ways and Means (p. 8345), based 
on reports from a limited number of plants but believed 
to be reasonably representative, gives the 1927 labor 
costs of the following items not separately reported 
above as follows: 





The data presented to the United States Tariff 
Commission subdivides selling expense during 1929 as 


follows 
Cents per barrel 


Salesmemn:s salaries and: €xpenses mers eee ee 6. 98 
Commissions. $22) ihe) 2 ae oe a ee ee soil 
Other selling. expenses == ae ee We OZ 

14. 61 


The figures given above indicate that the cost of raw 
materials did not change materially from 1927 to 1929. 
The cost of power dropped a little, presumably on 
account of changes in the cost of coal, and in the general 
efficiency of operation, which evidently was somewhat 
improved; for the Bureau of Mines reports 135.8 pounds 
of coal used per barrel of cement produced in the mills 
that used coal as fuel in 1927, against a consumption of 

132.3 pounds per barrel in 1929. The cost of packing 
and shipping changed very little. Presumably the 
labor used in making repairs and the salaries and wages 
paid in the laboratories were equally stable. 

In view of these facts it would appear that, exclusive 
of salaries and wages, which are a part of administrative 
expense or a part of selling expense, the cost of the 
labor used in producing cement during 1929 is indicated 
with reasonable accuracy by the following table: 


Labor costs per barrel of cement produced 
Cents per barrel 


Maniufac turin gs! a bo ree ses ee eee eee ee 11. 49 
Packing and shipping enol Pe ees Pee a 4. 07 
Quarrying Sf Thee 2 se Slee eee 2 a a 5. 40 
Power. 2323222" 20 22 es a ee ee ae eee 2. 69 
Repairs 4 (2. ee eee Lede ee 2. 73 
Laboratory..-26 222 JS ee ee ee ee ee eee ij ill! 

27. 69 


This figure is in substantial agreement with the 
figure given by the Bureau of the Census—27. 9 cents. 

Financial reports of cement companies controlling 
about 44 per cent of the national production capacity 
indicate a bonded indebtedness in 1930 of $41,735,500, 
which suggests a total outstanding bonded indebted- 
ness for the industry as a whole of about $95,000,000. 
Interest charges on this sum at 5 per cent amount to 
$4,750,000 and suggest an average interest change of 
about 2.8 cents per barrel of cement produced. 

Depreciation is given above as 11.77 cents per barrel 
of cement produced. Financial reports of cement com- 
panies controlling about 44 per cent of the total produc- 
tion capacity show charges in 1930 of a little over 
$10,700,000 for depreciation and depletion, which 
suge sests a total charge for all companies of about 
$24,400,000. As this charge does not change a great 
deal from year to year, it would appear that depre- 
ciation and depletion amount to about 14.3 cents 
per barrel. The difference, 2.53 cents per barrel, is, at 
least in large part, chargeable to depletion. However, 
this amount is somewhat more than an examination of 
various financial reports would indicate to be ordinarily 
allowed for depletion. For this reason depreciation and 
depletion are listed in the redistribution of cement 
charges as having the following values: 


—— > 
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DEPRIGE Cie a= ae Se ee ae _— SOO uAG 
ee Be See Lene ae 3. 00 


For the year 1927 salaries as distinct from wages 
were reported by the Bureau of the Census as 
$16,331,586. Business conditions in 1929 were such 
as to make it probable that this figure is reasonably 
representative of costs during the latter year, which 
would suggest a charge of about 9.5 cents for salaries 
for the year 1929. 

Taxes are not known with any great degree of exact- 
ness. The figures given by the Bureau of Internal 
Revenue (Statistics of Income for 1928) indicate that 
the taxes, including Federal income tax paid by the 
stone, clay, and glass industries, of which the cement 
business is roughly a quarter, amounted to a little 
over 2 per cent of the gross income. This would sug- 
gest a charge of about 3 cents a barrel on the cement 
produced. 

On the basis of the figures given above, the cost of 
producing cement may be recast in the form used in 
this discussion, as follows: 


Cents per barrel 

eS U CCR etn a) HE a ek a eee 37. 19 
Supplies (raw materials, less labor; shipping expense, 
less labor; and other manufacturing expense, less 


UPLOVGIE) < ies eel ae a NS) Se aap a pose e230 
Hiuemandspower (lesslabor). 2.02 24-225 2s2--4-_. 2 30. 79 
liar nee eens Bete Se Se fe ce ye ee 2. 80 
‘isasas (auimlsavanyad a 5a t Se ee ae 3. 00 
EDS OneGl a Ul ON meee eee Wee ea co eS te oe eh 14. 30 
Miscellaneous expense_-_____ ain lel OFS, ee RE Se 8. 76 

129. 14 
Profit on the basis of Bureau of Mines average value... 18. 86 





- 148. 00 


The item miscellaneous expense was obtained by 
adding the items of general and administrative expense, 
selling expense, and inventory adjustment, as given in 
the cost per barrel figures submitted at the hearings of 
the Committee on Ways and Means (p. 26); and deduct- 
ing items chargeable to those accounts which have been 
otherwise cared for in this analysis. On this basis we 
have— 


Bureau of Mines average value at mills 


Cents per 




















barrel 
General and administrative expense ___________- 13. 03 
Belingtexpense. 22.-22..-----. UTES 9b es aie a = VAG 
Inventory adjustment A a Se ee ee ee ee) 
{R@uall Oso. eke Sie he a ee ie DO) 
Less— 
Suiaricneengs 2) 2.3 Hs isa Sees 9.0 
aboratory lsbor]. 22 2--- BLAS SS i eel eg! 
er eee eae lk ee 8. 00 
Perera ie ae 2. 80 
Depreciation in excess of that shown in previ- 
Bveera bicwp-028) cou 557 eS eee ee 25a 
—— 19. 14 
Miscellaneous expense... ---2..--~---------- 8. 76 





The largest items appearing in the materials and 
supplies account beside raw materials are estimated for 
the year 1927 as follows. (See testimony before the 
Committee on Ways and Means, 70th Cong., vol. 15, 
pp. 8295 to 8389.) 


USS Sa Ea See ae -.--- $5, 822, 498 
Os Gg Me, ge Ie a eee eee _.. 8, 467, 496 

ic eee ee et eee ee Phe SH Soo eae St 2, 201, 298 
Mill supplies and machinery -~ ------------------ 21, 695, 496 


33, 186, 788 


Of the above, explosives are of course a part of the 
charge for raw materials. If these are deducted the 
other materials listed generate a charge of about 17.2 





cents per barrel of cement, which, with the reported cost 
of raw materials (less labor) at 14.71 cents, amounts to 
about 31.9 cents or about 2 cents less than the total 
the Bureau of the Census allocated to the item of 
materials and supplies (1927). This would seem to be 
a reasonably accurate cross check though it is probable 
that some of the cost of mill supplies and machinery 
as reported by the mills was generated by quarry opera- 
tion and therefore may appear in the cost of raw 
materials. 

Fuel and power are reported by the census (1927) as 
having cost $60,516,871, or 34.5 cents per barrel. 
The Bureau of the Census figures for 1929 do not segre- 
gate thisitem. The producers report— 








1927 | 1929 
(cents | (eents 
per | per 
barrel) | barrel) 


LAVBTSl Lh i eee Net eae aca i BS) a ee ee Lee ee Se Se, BUMP alee 

Power (including labor amounting to 2.69 cents, 13.19 cents for 1927, 
and 11.62 cents for 1929)_______-- eee tase Boe ve eo: 10.50 | 893 
34.80 | 30.79 


The Bureau of Mines (Cement in 1929, p. 409) gives 
the consumption of fuel in the production of Portland 
cement as follows: 

Coal ee ba 4 ee oe eno SHOTS 9, 340, 434 


OU ae wee Pe Se ee tS 2 ee DArrols : 2, 5338, 911 
Natural oases. -25.-2 525225. 2 cubic feet 41,648; 433,045 


Coal consumption was at the rate of 132.3 pounds per 
barrel of cement produced in the mills using coal as fuel, 
which would indicate that had coal been used exclusively 
the consumption would have been about 11,350,000 
tons. 

For 1929 the cost of fuel and power as reported by the 
cement companies, less 2.69 cents for labor, amounts to 
30.79 cents per barrel or to something over $53,000,000. 
If for simplicity of analysis it is assumed that only coal 
was used for fuel, this would indicate a price of about 
$4.50 per ton delivered at the cement mills. Actually, 
the producers estimated the 1927 cost of coal as $42,- 
330,074. The Bureau of Mines gives the amount of 
coal used in producing cement during 1927 as 9,990- 
531 short tons. This would indicate a price of a 
little less than $4.25 per ton, which must be very close 
to the correct figure, for the Bureau of Mines gives the 
average 1927 price of coal at the mines as $1.99. The 
average freight rate on bituminous coal is about $2.25. 

The apparent cost of $4.50 noted above would seem 
to indicate either that the effective cost of oil and natural 
gas is a little higher than the cost of coal, or more 
probably that the total cost of fuel and power includes 
minor charges for oil, grease, etc. However, as the 
amount of charges of this nature is unknown, and as 
reasonable accuracy is preserved if the whole cost of 
fuel and power is assumed to be an expenditure for 
coal, further analysis will be on this basis. It would then 
appear that about 55 per cent of the cost of fuel and 
power, or about 16.9 cents per barrel of cement, is a charge 
for freight and that the balance, or substantially 13.9 
cents, is a charge for the cost of fuel at the mines. | 

If the cost of mill supplies and machinery as given 
above for the year 1927 is divided by the production 
for that year, the resulting cost per barrel of cement 
produced is so close to the figure given for other manu- 
facturing expense less the labor cost of making repairs 
as to suggest that other manufacturing expense 1s 
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largely, if not entirely, a charge for repair and replace- 
ment parts. On this account the item supplies has 
been divided, repairs being charged at 12.08 cents per 
barrel and supplies and miscellaneous materials at 
20.22 cents per barrel. 

If the facts and the deductions made above are 
reduced to a statement of the number of dollars out of 
each $1,000 spent on concrete road construction each 
of these various items generates, the following table 
results: 


Total value of cement used per $1,000 expended____-__ $324. 00 
Vreightise. 2223 on Soe eee ee ee 81. 00 
Cementra ti tie: an1) | See ae ae ee ee ee ee 243. 00 
Salaries And sWaAslese ee eee ee eee 61. 00 
Repairs2 3222222 se ee ee eee 20. 00 

Sup plresvamc era Genes eee ene are _ 33. 00 
Fuel 3.5 A ee coat a ed ee ae, Sn an eens fe 22. 50 

A Qncat od aU epee eg Se Boy i ee BS ey eee Se 28. 00 
Interestin 2 222332 Bs ee ee 4. 50 
"Taxes 22 Soke ee Se ee ee Se ee pe 5. 00 
Depreciation 2: Se ae eee ee eee 20. 50 
Depletion 222222 22S ee eee eee ee eee 3. 00 

IM ISG! ME NAOMI Enq OMNES 5 oe i ee 214. 50 
Profitil (se tore Se a ae Be hee eee eee 31. 00 

243. 00 


The distribution of the cost of cement is now in a 
form in which the items that require further analysis 
can be transferred to accumulations of other similar 
items. However, for a few of these items a little 
further comment may be appropriate. Repairs are, 
of course, an equipment charge and are so transferred. 
Depreciation also is an equipment charge. Both apply 
to a wide variety of machinery and equipment which, 
in general, requires constant expensive repairs in spite 
of which it depreciates rather rapidly. 

Miscellaneous expense, which is largely selling and 
administrative expense, is composed of a long list of 
items which it is impracticable to separate. There is 
some travel expense which includes railroad fares and 
hotel expense. Probably there is some expense for 
office rentals. There certainly is a charge for associa- 
tion dues. Advertising is an element in this expense. 
Office supplies, advertising, folders, booklets, etc., 
generate some of it. As no information concerning the 
amount of these expenses is available and as travel 
expense generates at least a considerable part of them, 
and arbitrary assignment of about one-third of this 
expense to railroad expense has been made and the 
balance will be treated as miscellaneous materials, 
which much of it is though some of it is not. 

Item d. Steel—Steel, principally reinforcing steel but 
also including longitudinal joints, dowel steel, chairs, 
etc., is a highly variable element in the cost of concrete 
pavements. In the States on which the primary dis- 
tribution of cost used in this discussion is based, the 
average use of steel is somewhat less than it is for the 
country as a whole. However, this is not of great 
importance here, for increasing the amount of steel 
would not change the general nature of the distribution 
of the cost of concrete pavements, though it would 
somewhat alter the proportions allocated to the various 
primary subdivisions. 

An analysis similar to that used in distributing the 
cost of cement results in the distribution of that part 
of each $1,000 spent on concrete pavement which in 
this discussion is allocated to the purchase of steel, as 
follows: 





# Railroad expense, $4,50; miscellaneous supplies, $10. 





Salaries, and wages see. eee se ee ne eee ee 





Coal 2, 2 SSeS a ee OA ae a 1. 50 
Freight (of which $3 is freight on the finished product)-- 6. 00 
Hquipment rep ainssia epreclaiy1 01s = ee ener 2. 50 
Materials: =<.) S ae 2s or ie Se a eo ee eee 8. 00 
Toterest i. Soe ee Se ee ee ee eee 0. 40 
"Taxes 325 Ue De Ee ac See or ere ern are nee 0. 90 

Administration and sales expense? (railroad expense 20 
Cents WSUP DIES; OU {Cem ts) pee meee ae ee . 70 
Profit .2. 2 See Le a re Se 1. 00 
27. 00 


Item e. Equipment—The cost of equipment—$100 
out of each $1,000 spent on concrete pavements— 
represents equipment costs of three kinds: Deprecia- 
tion, repairs, and operating expense. The latter, 
under the subdivision of costs used in this discussion, 
is largely a matter of fuel, lubricating oil, and minor 
incidentals. The labor used in operating equipment 
has been included with other job labor under Item a. 

The size and the amount of the equipment used in 
laying concrete pavement, except the amount of haul- 
ing equipment, is rather uniform from job to job. 
Moreover, the specifications under which concrete 
pavements are laid, though not altogether uniform, 
are sufficiently so to generate a fairly constant rate 
of depreciation for each kind of equipment used. 
(See Depreciation Studies and Bulletin F, Bureau of 
Internal Revenue.) Field studies made by the Bureau 
of Public Roads indicate that the average value of 
the equipment other than hauling equipment used on 
concrete paving jobs is about $50,000. The value of 
the hauling equipment varies widely, partly on account 
of variations in the type of hauling equipment used 
and partly on account of wide variations in the distance 
materials must be moved. In occasional instances 
not more than three or four 1-ton trucks are required. 
Where the haul distance is from 15 to 20 miles as many 
as 20 heavy trucks, worth well over $100,000, are 
required. 

Under such conditions the average of even a con- 
siderable number of values obtained from field studies 
is not as certainly accurate as it appears to be in the 
matter of other job equipment the value of which is 
more nearly constant from job to job, but this average 
value, about $25,000, is at least approximately correct. 
The details of a reduction of these conditions to a 
charge for depreciation and a charge for repairs do not 
require repetition here. Neither do the details of other 
analyses. 

In the nature of the case, repair costs are at least 
largely a matter of the cost of spare parts and the 
transportation charges on them. Little extra labor 
is involved since most repairs are made by the men 
who operate the machines and their time is included 
in the cost of job labor (Item a). In theory, deprecia- 
tion charges may accumulate as cash; in practice, 
they are expanded for renewals about as fast as they 
accrue. Both repairs and depreciation are therefore 
equipment charges. The analysis of these charges is 
not repeated here but the results of these analyses 
are shown in the following table: 


Distribution of the amount allocated as a charge for 





CQUIDMIeH t Sey 8 eo ee oe te ae es ee $100. 00 
Primary distribution: 

Repairs and ‘depreciation ss5. seen eee eee 64. 00 

Gasoline snd Oil es .teee eee 2 ne 36. 00 





’ As in the case of a similar item in the distribution of the charges generated in 
making and marketing cement, this charge covers a multitude of minor items of 
which, as travel expense is of considerable importance, about a third is allocated as 
railroad expense and the balance as supplies, which in fact much of it is. 
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Secondary distribution (gasoline and oil): 


UCR ey ty nS ee ee SeAe a eeoU 
eR een eens aoe a ko Se 6. 80 
Dreeeumbalic Wagon). 4. 00 
Repairs and depreciation (tank wagon)__________ 4. 00 
eee eee ee te th ye 5 ee. . 20 
Wholesale cost of gasoline..._._.__.-..._. 2.2. 16. 50 
36. 00 

Third distribution (refining cost of gasoline) : 
Beatie WARES. S80 gl ee ee tO 
MiaterialnnieL SUD Plies. oo 5 oo Se 10. 65 
Br ee ao. kos 2 te oe oe DO 
UO aU inthe: 2 ht ee ee eee ees 1. 85 
Cate eer Soe. a ee ee ele LS 20 
pes Ee 7 Mee el toy | hee ate Se A iad fed dP etn 40 
Depreciation____-.____ Need aie rm gh ie ge eee Atel . 80 
et eens se ee . 90 
16. 50 

Combined totals: 

Peri AN a WAU OS! 28 kaa) Oe Ee 5. 20 
ety eee Sete Se te ee 4. 50 
ADRES a take Se Bee SS A ge ane ae eS 7. 20 
Repairsyangd depreciation= =... 2.22... 22-22 27 70. 65 
Paeriaienand SUpPlUed2 20... o ou eae 10. 65 
Rie EO Se ee se ke ee mai) 
ES Ee ao eae By Io 20 
eather een ee ek ae il 488) 
100. 00 


Item f. Plant installation.—The item of getting on to 
the job, amounting to about $27 out of every $1,000 
spent on concrete pavement, covers the cost of sending 
equipment to the job (usually a freight charge), of erect- 
ing it, organizing, preparing to start construction, and 
placing equipment in storage ready for reshipment. 
The amount of exact information that is available re- 
garding the cost of these various operations is limited, 
but such as has been collected indicates that about half 
of this item is a freight charge and about half a labor 


charge. Distributed on this basis, this item reduces 
to— 

Leiber Lk | RAs ee ee a ee $13. 50 
JD TRONS ATE ee Se 13. 50 


Item g. Bonds and insurance.—The reports of the 
Treasury Department for 1929 as to companies which 
issue surety bonds give the following data: 


Premiums collected, a little over_______-_------- $57, 310, 000 
Be men MiClAlMs 6 No) ooo oe per cent__ 43. 5 
Commissions and brokerage._______------ domes. 26.5 
Other expense (largely general overhead) _-_---- 

as ape al ee epee eee Se Ae ee percents 23. 1 
Balances TOSerV.es) oe neee e822 cee do=s= Thea 


Bonds for highway purposes provided about one-fifth 
of the total premiums collected. Of the charges listed 
above, losses and claims are, in effect, payments toward 
construction and should therefore be distributed just 
about as original payments are distributed. Commis- 
sions and brokerage payments are, in effect, salaries 
and wages paid those who obtain business for the surety 
companies. Other expenses are so largely salaries ‘and 
wages paid central office employees that they will be so 
considered. Actually some other charges—as rents, 
office supplies, advertising, etc.—are included in this 
item but the details are not of record. 

While by far the larger part of the charge for bonds 
and insurance is a charge for surety bonds, a fraction 
is for workmen’s compensation, which, in the very 
nature of the case, generates payments to labor; and a 
little is for liability and other forms of insurance. On 
the whole, however, a reasonably accurate view of this 
matter is had if of the $22 paid out of each $1,000 spent 
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on concrete road construction for bonds and insurance, 
$11 is charged to salaries and wages, $10 is charged 
back for redistribution with other primary costs, and 
$1 is considered as profit. Actually, most of this $1 
goes to reserves; but from the standpoint used in this 
discussion, reserves being the property of the concerns 





owning them, it has the general nature of profit. This 

item as fractioned above becomes— 

OMIA TICRYAIG WACGE a tea n eet ee oe a R . $11. 00 

darcoltsjql olivia a we oe ee Do ee ee we MA? 10. 00 

Perlite ke eer eee Secs Lye ae S38 Je ee Tero oe 1. 00 
wei 00 


Item h. Profit——Profit, as the term is used in this 
discussion, is job profit. Out of it there must be paid 
such items as administrative salaries, head office sal- 
aries, financing charges, office expenses, the balance, if 
any, being net profit. As to profit in this general field, 
which with several other lines of construction activity 
is covered by serial No. 54 in the classification estab- 
lished by the Bureau of Internal Revenue (Statistics of 
Income for 1928, p. 329) the following data appear: 
Gross income: 


Corporations reporting net income _____- 


$1, 138, 033, 597 
Corporations reporting no net income-_ - __ 


375, 245, 267 
1, 513, 278, 864 





Net income or deficit: 
Corporations reporting net income_-_-_-_--_- 


69, 297, 579 
Corporations reporting no net income___- 


— 32, 728, 384 





Tova NetsInNGOMena = oa. ae 36, 569, 195 


This would indicate an average net profit of a little 
more than 2 per cent on the volume of business reported. 
It is to be observed that these data cover only the 
corporations engaged in construction work. More than 
half of the total volume of all construction work is han- 
dled by individuals and by partnerships, generally only 
the larger and stronger concerns being incorporated. 
On this account it would appear to be reasonable to 
assume that the average net profit of corporations, 
partnerships, and individuals handling construction 
work is a good deal less than the average obtained by 
the corporations—possibly rather less than t per cent. 
This suggests that of the $35 set up as job profit per 
$1,000 spent on concrete pavements, about $10 may be 
set aside as a conservative estimate of net profit. Some 
of the balance of $25 is spent on administrative salaries 
not included in the salaries and wages under item a and 
office wages. A part is undoubtedly spent on financing 
and a part on taxes. The Bureau of Internal Revenue 
(Statistics of Income for 1928, Table 15) gives interest 
paid by construction companies as 1.04 per cent of 
gross, and taxes other than income tax as 0.48 per cent. 
Adding the income tax would bring this figure to slightly 
more than 1 per cent. There are, of course, a number 
of other minor items, but for the most part these have 
been included under the items previously discussed. 
In view of these facts, substantial accuracy would 
appear to be preserved if, on the undistributed balance 
given above ($25), $15 is assigned to office salaries and 
wages not included in item a, $5 to taxes, and $5 to 
interest payment. The following distribution results: 








Profit as defined above (job profit)_....-.------------ $35. 00 
Office salaries andswagesi acne ea ee 15. 00 
Unelitey yes. ps oe ty eee ee eek See a eee ene ot ogee ere 5. 00 
33 Cle sae eee td oon ye ee en Ot ie ete 5. 00 
PLotib(net) meee eet ee ee eS oe 10. 00 

35. 00 
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The distributions made and described above are 
summarized in Table 3. 


TaBLE 3.—Summary of the various steps through which the 
contractor’s payment of $1,000 are traced, and the amounts 
attributable to each 
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s} pi a | aq 
& z | q 8 
S 3 | =] 
5 S 
i=] } On po 
z ae gag aes 
Item 4 = a, 2 | | 8 - | a 
Zig | 3 matter) 8 ke Seog WH oe Oleg fe 
S | 3 3 x ll Me ee : iS) Hi 
a fe Sorel g ag saa) Ms) 
cca Ne eae ah eae joe Ake Alf | ce 
a : shea em ee oe 
a, Salaries and | | 
WwageS_.--.-- SIV 00) sore ne tee <a ee ee ee [eee |eeeeeee[e==5-|-—==5] 
b. Aggregate_..-.- 50. 00/$194. 00) $18. 00/$11. 00) $4. 00)$ 6.00) $29. 50/47. 50 $4. 00) at ASS 
c, Cement_------| 61.00) 113.50) 43.00) 22.50; 4.50) 5.00) 40.50} 3.0031. 00)-.-__- 
do Stoel 2-2 see a 6.00} 6.20) 8.50) 1.50) .40) .90) 2. 50/-__¥_| 1.00)---__- 
e, Equipment.__| 5,20) 4.60) 10.65) .50) .20) 7.20; 70.65).___- Up 10 Pte 5. 
J. Plant instal- | 
TA tlOMeee nee 18.50)" 18s OMe S Se aIRS RS Sa Bee Slee aeeellaate eee 
g. Bonds and in- 
surance. .—_- DO) fee |e eee ee Wate oe leewocelese 1. 00/$10. 00 
kh. Job margins L115. 00s seek ee BO) ye, OG EES 10. 00|.---. - 
302. 70) 331.70) 80.15) 35. 50) 14.10) 24.10) 143. 15/10. 50)48. 10 10. 00 
Adjustments !___|-_-.--- Fotos OOl == 00:00 | asee ole nemeee | eee ae = 26; 00/2 =. 2|. 5225 (oe 
et = | } : 
| 302. 70 406.70} 30.15] 25.50) 14.10} 24.10) 118, 15/10. 50,48. 10 10. 00 
| | 








1 These adjustments are made here to avoid recasting the freight analysis on 
account of freight allowances on repairs, replacements, materials, and supplies. 


FREIGHT COSTS ANALYZED 


For the year 1929 the Bureau of Railway Economics 
gives the following interesting statement of the cost 
elements involved in operating railroads: 


[Repeated here to 2 decimal places rather than to 4 as published] 























Distribu- 

Per tion of 

cent $405.70 

charges 
Total salaries and wages, including executive management__.___ 42. 42 $172. 50 
Locomotive iuelprimeipallyicoals anes. oe eee 5. 34 21.70 
Materialsandisupplies---= sas) a sauee pean wen eis ee eee 18. 05 73. 40 
Rent ofearsiandicommontacihitiess:- ass. ene ee eee 1.97 8. 00 
Other expense (depreciation, loss and damage, injuries) __________ | 5.66 23. 00 
PRALOS SSeS Fa Fos een ES Se Be es ee as ere629 25. 60 
Rent oklessed Gags ose ee is ee a aks ee ee DATS 11.190 
Tri teres yee a el ee ee ee ae ee es kee ere 7.00 28. £0 
Di vid eridste SEs Ee ee ee ele ce ae ee Se 16 31.60 
Balances: cute sms teas Pree Crees SOR eas Mee Be RON ALi 11.30 

% 
Melee 2) 406. 70 
1 





Of the above items some, as salaries and wages, can 
be used in the form in which they now stand; others 
require some further comment. Thus, materials and 
supplies cover the cost of repair parts for mechanical 
equipment as well as the numerous materials otherwise 
used in connection with the operation of our railroad 
system. 

In the absence of more accurate information about 
half of this item, $37, is treated as repairs and the bal- 
ance, $36.40, as materials and supplies. Rent of cars 
and common facilities and rent of leased roads cover 
payments for the use of facilities not owned. Accord- 
ingly they are included with interest in the column set 
aside for interest and rents as these items have a some- 
what similar ultimate purpose. Other expenses is made 
up of two quite unreliable items. Depreciation, which 
is an equipment charge, generates about five-sevenths 
of the charge; the balance is made up of charges for 
loss and damage, injuries and insurance. In the last 
analysis, loss and damage payments are purchases of 
materials. It is also at least measurably correct to 
consider payments on account of injuries as salaries 
and wages. Of the charge for other expense $16.50 











has therefore been allocated to depreciation, $4 to 
materials and supplies, and $2.50 to salaries and wages. 
Dividends and balance given above are, of course, 
rofit. 

: If the totals from Table 3 are adjusted on the basis 
of this distribution, the following cost distribution 
results: 




















Redistri- 
Amount pu Total 

charges 
Salaries;and WakeSeoscesss see seo = ee $302. 70 $175. 00 $477. 70 
Materialsiand:suppliesse-s2ss === eee =e 30. 15 40. 40 70. 55 
Hel 3.6 20 aes eae en eee eee 35. 50 21.70 57. 20 
Interest, Tents; OtCsa osc ee ee 14.10 47. 60 61.70 
SI ax 6S Be ee 24. 10 25. 60 49.70 
Depreciation and repairs. es. ssa ee 118.15 53. 50 171. 65 
Profits 2sc2set Savas Jeon ee eee 48.10 | 42. 90 31.00 
Depletion s2ea2: oes oe eee 10. 50 | 0 10. 50 
FRECISHELO UCL OT == neers eae eee eee 2B Sees 10. 00 0 10. 00 
A Pes 406. 70 1, 000. 00 











FUEL COSTS REDISTRIBUTED 


The latest information regarding labor and other 
costs incident to the production of bituminous coal is 
that published by the Bureau of the Census for the 


year 1929. Wages are reported as amounting to 
$574,800,072. Salaries are not reported for 1929. In 


1919 they were slightly more than 10 per cent of the 
cost of wages. The value of the products, which in- 
cludes a small amount for other than coal produced, is 
given as $966,693,771. It would therefore appear that 
salaries and wages absorb about 65 per cent of the value 
of the coal produced, which amounts to about 67 per 
cent of the coal sold. Information released by the 
Bureau of Internal Revenue (Statistics of Income for 
1928) indicates that the industry, taken as a whole, 
operates at aloss. The following table gives the results 
of distributing the cost of fuel. 

















Reaistri- 
Amount | buted coal Total 
costs 
Salaries:andiwartes-jes ess nee We oer ee eee $477. 70 $38. 30 $516. 00 
Miaterdals:aia disp pli css ass =eeeeme ae ene 70. 55 6. 65 line) 
Interest, tents; \otG:e stan. eee ee oe 61.70 2.05 63. 75 
Ma3eOS\< oe. 23 ee ee ee 49. 70 1.70 51.40 
Depreciation and repairs.__.___.________- 171. 65 4.10 175. 75 
PEON top cen S eee aliaA Sos) 91. 60 0 91. 00 
Depletions-22.33. ie ae ee ee 10. 50 4. 40 14. 90 
Redistribution : 10. 00 0 10. 00 
=» tle ae 57. 20 1, 000. 00 








MATERIALS AND SUPPLIES, REPAIRS AND DEPRECIATION ADD TO 
WAGE ACCOUNT 


The two remaining items that involve the direct use 
of commodities are materials and supplies and repairs 
and depreciation. The number of commodities in- 
volved in these two groups is so large that even if the 
amount of each kind used were known exactly, the task 
of dividing each one into its constituent parts would be 
very great. Actually, the materials used are not known 
in detail, though often the more important materials 
are a matter of rather common knowledge. On this 
account, it 1s necessary to adopt a somewhat different 
method for the further study of this matter, which is 
possible because for every commodity separately classi- 
fied the Bureau of the Census, in its census of manu- 
facturers, gives ‘‘the value added by manufacture.” 
This value is the difference between the value of the 
commodities manufactured and the cost of the materials, 
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supplies, fuel and power used in producing them. The 
value added by manufacture then contains, first, the 
salaries and wages paid; second, all charges for depre- 
ciation; third, such miscellaneous items as taxes, in- 
terest and sales expense; and finally, profit. 

Taking up first the further analysis of repairs and 
depreciation, a number of facts are apparent. The 
first of these is that while charges for depreciation may 
accumulate as cash reserve, as a general rule they are 
expended on renewals and improvements about as fast 
as they accrue. On this account they may reasonably 
be considered as expenditures for new equipment. 
Obviously, repair costs are such expenditures. 

The second point deserving comment is that, as 
charges for repairs and depreciation are very largely 
generated by the plant and equipment used in manu- 
facturing and in transporting, so much the larger part 
of these charges involves such items as machine tools, 
foundry and machine shop products, motor vehicles, 
motor vehicle bodies and parts, cars (railroad) and 
locomotives, it will be assumed that all of this charge 
involves these fields. 

The third point to be noted is that, in the very 
nature of the case, charges for repair parts and for new 
machines include delivery costs, freight, or express. 
These charges should be estimated. 

Upon adjustment of the table in the light of the re- 
sults of the analysis of depreciation and repairs, the 
following distribution of expenditures results: 

















| 
Repairs 
Amount and depre- Total 
ciation 
DMlarlOs ANCEWALOS Ne a oon es 2th es $516. 00 $52. 70 $568. 70 
Minterials and sup DUOS= sss na s22cs eens ek 2 77. 20 99, 25 176.45 
Peres tar Onis OlCh een ee een esa ke 63. 75 W765 65. 50 
CR Sed Se ee Ee See a eee cee] 51.40 4.40 55. 80 
DO DIOUION Ee sees nee ee aos ee eo: SEE Ee eee | 14.90 | 0 14, 90 
Iincbake. te he ge ae ae ee 91,00 | 17.65 108. 65 
Ine hy rat ob hiteiele = Seen Ses ee 10. 00 0 10. 00 
Me nae Fone | 175.75 | 1,000.00 
| 





A similar analysis of materials and supplies results in 
the adjustments shown in the following table: 














/ Materials | 
Amount | and | Total 
| supplies | 
aa r ee at eee PPE 220 
palaries,and wageso-. =. .=--=.2--_-2-==---===-- | $568.70 | $162. 20 $730. 90 
MAVEPOSt aT Olt WO UC an: oases oo os a. eu 65. 50 | 8.45 | 73. 95 
BS SOS ee ere ee eee 2 Ree he 30. 80 | 8. 65 39, 45 
HOOD Gila ers = eee ee eee ws Se IE 14.90) 3. 05 | 17.95 
EG ee ee ee ee ee ee ee A 108. 65 19.10 127. 75 
PTOCUSiMDUULOies meres. Bl SS eT 8S 10.00 | 0 10. 00 
ante Peter 201. 45 1, 000. 00 





1 $25 deducted on account of materials and supplies and added to this account for 
redistribution here. 


TAXES SIMILARLY REDISTRIBUTED 


Taxes are payments in support of government. Munic- 
ipal, county, State, and Federal taxes are involved in 
unknown proportions. Interest payments absorb less 
than 5 per cent of the gross State revenues. They ab- 
sorb something more than 15 per cent of the revenue of 
the Federal Government. (See Financial Statistics of 
States, 1929, Bureau of the Census.) The proportion 
of municipal and county revenue paid out as interest Is 
unknown but is probably higher than the percentage 
reported as paid out by the States. In distributing 
taxes, it has been assumed that about 10 per cent Is 
distributed as interest payments. 





traced into the hands of labor. 





The pay roll absorbs a very large part of all govern- 
ment expenditures. The amount so absorbed is un- 
known but, aside from expenditures for public work 
salaries and wages are believed usually to absorb the 
greater part of the balance after debt service. As only 
a comparatively small amount of the taxes on business 
operations is spent in the highway field and as most 
other public works, except buildings and sewer systems, 
are presumed to be self-supporting, about 50 per cent 
of the tax taken out is allocated to salaries and wages 
and the balance—about 40 per cent—is allocated to the 
account of materials and supplies. On the basis of a 
preliminary calculation, as shown above, this was 
charged to materials and supplies as $25, which left a 
balance of $39.45 to be distributed, one-sixth to interest 
and five-sixths to salaries and wages. Distributed on 
this basis, interest amounts to $6.55 and salaries and 





wages to $32.90. The table now reduces to the 
following form: 
Fa 7 ic 7 | 
Distribu- | 
Amount tion of Total 
taxes 
Lye 0D ee eae 
DALAEIOSTAINC: Wile OS meee tee ne ee $730. 90 $32. 90 | $763. 80 
Interest, Touts \OtCs se eee ae = ee eee = 73.95 | 6.55 | 80. 50 
Depletion: 2=-- ee eee eso Ee nee Seen Se 17. 95 0 | 17. 95 
PRON tet see ot Se coe ee eee eS ee 127.75 0 127.75 
Redistributions a. sat ae ee ees 10. 00 0 10. 00 
eee t Sn = Bou 39. 45 | 1, 000. 00 











If the $10 held for redistribution is now distributed 
under the headings now remaining, the following table 
results: 


Distribu- 











| Amount | tion of $10 | Potal 
Salaries and wagess.--2--.-----_-= Soe ee he $763. 80 $7.70 $771. 50 
interest, remiss Otez sa ao eee ee 80. 50 0. 80 | 81.30 
(Deplotlonzcesi a. #e2e = See See ag 17. 95 0. 20 | 18.15 
ERT O fib Bee eee Ee ea 127.75 1.30 | 129. 05 

ety ae ee 10. 00 1, 000. 00 


nS os a i ee ee a 


In this form the original expenditure is now divided 
into two classes of expenditures: 





Payments for salaries and wages-_--=_-2---- == - __ $771. 50 
Payments to owners—that is, owners of the business, 
of property, or of money used in the various busi- 

MESS ES uCOU.CU CLC Cerne eis Be eeene nen ee oe ree ey See 4 228. 50 

1, 000. 00 


This is about as far as the quantitative analysis may 
be carried with approximate certainty. If a further 
breakdown is attempted the quantities become some- 
what doubtful; but there is still a further share for 
labor in the last quarter of the expenditure. 

The preceding quantitative discussion is based on a 
period of unusual business activity. In times of de- 
pression such as the present, the residue composed of 
interest, rents, royalties, and profits shrinks both in 
absolute amount and in relation to the total. In view 
of this well known fact, it seems probable that, of the 
total expenditures for road construction at the present 
time, nearer 85 than 75 per cent may be thus directly 
Beyond this, there 1s 
still to be considered the fact that a part of the money 
paid to owners is immediately reinvested or expended, 
even in periods of depression, although a greater part 
is certainly so used in more prosperous times. And 


(Continued on p. 38) 


THE RESISTANCE OF CONCRETE TO FROST ACTION 


By F. H. JACKSON, Senior Engineer of Tests, and GEORGE WERNER, Senior Scientific Aid, Division of Tests, U. S. Bureau of Public Roads 


HIS report gives the results of an investigation 

which was begun about six years ago for the 

purpose of determining how the resistance of 
concrete to frost action is affected by the character 
of the coarse aggregate used in the mixture. The tests 
were the first of a number of investigations to be 
started, all along the same general line, and including, 
among others, researches by C. H. Scholer at Kansas 
State Agricultural College; C. A. Hughes at the Uni- 
versity of Minnesota, and the Portland Cement Asso- 
ciation. The work was greatly hampered at the 
beginning because of a lack of information as to the 
proper procedure to be followed in making freezing tests 
in the laboratory. For this reason the original freezing 
cycle, which consisted of alternately saturating a large 
volume of concrete in water at 70° F. and then subject- 
ing the specimens to an air temperature of about 20° F. 
in an ordinary cold storage room, proved entirely 
inadequate for the purpose. 

This effort was followed by attempts to produce 
action through the use of lower freezing temperatures; 
that is, a minimum of about 5° F. Even under these 
conditions the action proved to be so slow that the 
method was finally abandoned in favor of an entirely 
different type of freezing cycle, as well as a different 
type of specimen. The results of tests by the third 
method, while somewhat contradictory and by no 
means conclusive, proved of considerable interest 
and it has accordingly been decided to report the data 
obtained, together with certain results obtained during 
work under the second cycle which appear to be 
significant. 

In reviewing the data presented in this report the 
reader should bear in mind that these tests were of an 
exploratory nature.. Very little was known about the 
subject when the work was started. Many mistakes 
were made and many things were done which it is now 
realized should not have been done. It is felt, however, 
that the results which have been finally obtained are of 
sufficient significance to justify the time and expense of 
carrying out this series of tests. In studying the data, 
however, 1t should be borne in mind that the results of 
tests involving individual materials should not be in- 
terpreted too literally, but should only be considered as 
indicating the possibility of certain trends which 
are of general significance only as they are substan- 
tiated by further work on aggregates having similar 


characteristics. 
CONCRETE SPECIMENS 


The program called for the fabrication of 648 concrete 
beams 6 by 6 by 30 inches in size, using 18 different 
coarse aggregates of widely varying characteristics and 
three proportions, 1:14:38, 1:2:4, and 1:3:6. Because 
of the fact that the stock of cement reserved for these 
tests was not quite sufficient to complete the series, it 
was found necessary to use a different cement in making 
up the specimens in which aggregates 2 and 15 were 
used. For this reason the results of freezing tests on 
these concretes are not included in Tables 5 and 6, 
although reference to the behavior of aggregate 15 in 


concrete is made in the discussion, because of certain: 


interesting features in connection with this particular 
material. A standard Portland cement having the 
physical properties indicated in Table 1 and Potomac 
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River concrete sand with properties as indicated in 
Table 2 were used in all specimens with the exception . 
just noted. The coarse aggregates were all sampled 
at the point of origin by a representative of the bureau 
and were chosen so as to represent materials having a 
wide range in characteristics. Several sources were in- 
cluded which had previously been questioned because of 
failure in the sodium sulphate soundness test as well as 
others which were of unquestioned soundness. The 
types, character, and essential physical properties of the 
coarse aggregates used in these tests are given in Table3. 


TasLE 1.—Tests of Portland cement. Results are the average of 


tests on six samples 


14.8 per cent. 


SIG VG wee She Ln eee ek eee 
(nitialssetaiae cee = ee eee 3 hours, 40 minutes. 
Final sets a. eae © a ee eee 6 hours, 25 minutes. 


Tensile strength of 1.3 Ottawa sand 
mortar briquets: 

VaoC eens ey ee ee ess Se 

28.days. ees. see. 


260 pounds per square inch. 
355 pounds per square inch. 


Tasin,2.—Tests of fine aggregate. Kesults are the average of tests 
on five samples 


Sieve analysis: Per cent 
Retained on) Now 10) sicvem ea ee 16 
Retained’on No: 20) sieves se ae ee S31! 
Retained om Now30 sieves os ose 52 
Retained on Now bOisiev.enn es a 81 
Retained on No. l00 "sic ves. 94 

Loss by elutriation 222 222.952 0 eee 2.3 


Tensile strength ratio! (1:3 mortar briquets) : 
7 days. 22 ae oo el ee ee 
28 days 2 2o32 eee oe = ee eae ee 


112 per cent 
110 per cent 


TasLE 38.—Characteristics of coarse aggregates used in freezing 
and thawing tests 





Per- — | Per- 





























wa | centage | pa cent- 
g Type State | Mineral composition age of 
gate alyaasnue Ce of ft 
No. | SOrD-| weart|_ 5° 
: tion , pieces? 
| = = f— 
1 | Limestone__.| Maryland__-_-_-- | Siliceous limestone ____ 0.10 | AD) 
2 Gravelveas a District of Col- | Quartz, chert, gneiss, Ol S39 24 
| umbia. schist, sandstone. 
Sy eRe doses South Carolina_| Granular quartz_-_-_-_-- =O 1NO2. 0: 91 
plies ES ae doyaseome Pennsylvania__| Sandstone_____------_- 1,21 | 12.3 20 
Ly Seem WOseeoe=s New Jersey_..--| Granular quartz_---_-- 2k) 27.6 80 
Gpieeeee oss Massachusetts_| Quartz, granite, quart- -45 | 18.3 28 
zite, schist, gneiss. 
Ze olowitel===|(Oniowese === h Dolomite =aees====se= 1365 (95.0) eens 
8 | Diabase___-_ Connecticut---4) Diabasehs--2-ssese eee 3203) 42.8022 
Oi) -Basalts- 222 22 New gersey_. 2.) Bassit. 22. sseeeeaeee LOPE 2500 |/Reeeeee 
LOM BuamMestones=| (O10 Seas same | Crystalline limestone.-| ‘2.65 | 47.0 |------- 
Hit Dolomitetes.| lings sass IP OLOTH Lie ee eee 1.35) | 8:5..3° sees 
12 | Limestone__-| Minnesota ____ | Argillaceous limestone_| 1.35 |_-_-.-|------- 
Ba Graveleseeans es sae do___----_-} Dolomite, limestone, .49 | 7.0 5 
| chert, granite, and . 
shale. 
147) Dolomite: 224) Michigan== 2. — =|" Dolomites sss. = ssa aS ae ee 
15 | Limestone__-| Dlinois________- Chert and limestone__ 1.00) 22S ees 
NG neal doss-e = New York----- Cherty limestone ----_- 08 Se. 20 coos 
ule SSIES eae See Objios === =e Porous blast furnace PTS Wie MON ME ae Sh 
| slag. 
TS ene CLO beeen a SEE Gos ee S zoF Blast furnace slag_-_--|-------. (1 :(0)) 1 eres 
| 
1A.A.5.H. O. tentative standard method No. 3 for stone, No. 4 for gravel. 


2A. A.S. H. O. tentative standard method No. 6. J 

§ Average of several tests from this source. Test not made on sample used in this 
series. 

4 Material variable in quality. These are maximum values. 

5 No abrasion test made. Weight per cubic foot approximately 70 pounds. 

6 No abrasion test made. Weight per cubic foot approximately 85 pounds. 


Each of the samples of coarse aggregate was regraded 
at the laboratory by passing it over a revolving screen 
equipped with sections having \-inch, }-inch, %-inch, 
and 14-inch square openings. The concrete aggregate 





1 As compared with 1:3 Ottawa sand mortar briquets. 
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in each case was made up of the three fractions resulting 
from this screening, in the following proportions: 

Per cent 
¥4-inch to 44-inch 20 
PPSORCHECO RRO eee tee ee ee eee 25 
%4-inch to 14-inch 55 

A determination of the weight per cubic foot was 
made on each sample graded as above, and from this 
value the necessary weights of each size to be used in 
proportioning the concrete was calculated. Concrete 
was mixed with shovels in large galvanized iron pans, 
and molded into beam specimens 6 by 6 by 30 inches 
in size in accordance with a uniform procedure. Con- 
sistency was maintained by means of the flow test at 
approximately 140; that is; a medium consistency such 
as would be used in pavement work. All specimens 
were stored under wet earth for 28 days, after which 
the first freezing cycle was started. The wet earth 
storage was continued in the case of all specimens not 
being subjected to freezing and thawing. 

For each aggregate 36 concrete beams were fabri- 
cated, 12 of each of the three proportions, 1:14%:3, 1:2:4 
and 1:3:6. Eighteen specimens of each lot (6 of each 
of the 3 mixes) were subjected to freezing and 18 were 
stored under normal temperature conditions. 


SOUNDNESS TESTS OF AGGREGATES 


In addition to the various routine tests, the results 
of which are given in Table 3, each coarse aggregate 
was subjected to five reversals in the sodium sulphate 
soundness test conducted in accordance with the tenta- 
tive standard method of the American Association of 
State Highway Officials! as well as a direct freezing 
test conducted in accordance with the following 
method. 

Representative samples of each aggregate weighing 
approximately 10 pounds were alternately saturated 
in water at 70° F. and then frozen in air at a tempera- 
ture of about 0° F. An ice machine having a total 
capacity of 4 cubic feet was used for this purpose, as 
well as for freezing concrete during the third cycle. 
The aggregates were contained in small wooden boxes 
having copper screen bottoms. The samples were 
divided into two lots, one of which was frozen 8 hours 
and thawed 16 hours, while the other was frozen 16 
hours and thawed 8 hours. At the end of each week 
the lots were reversed so as to equalize the severity of 
the freezing action. Progressive disintegration was 
noted by making visual examinations from time to 
time of the individual fragments composing each sample 
The results of the sodium sulphate and freezing tests 
on the aggregates are given in Table 4. 


FREEZING TESTS ON CONCRETE 


First cycle.—As previously noted, the first freezing 
cycle consisted of saturating the full-size beams with 
water and then immediately removing them to a room 
having an air temperature of approximately 20° F. An 
attempt was made to freeze nine specimens of each lot 
(three of each mix) at one time, making a total of 162 
specimens in the cold room, while a corresponding 
number were being thawed. The freezing room chosen 
for the work was one of the rooms in the cold storage 
plant of the Department of Agriculture at Arlington, 
Va. The room was 8 feet by 14 feet in size by 11 feet 
in height. Although previous tests had indicated that 





1A4.A.S.H. O. Tentative Standard method of test for soundness of coarse agggre- 
gate (T-9). 


TABLE 4.—Results of sodium sulphate soundness and freezing tests 
on coarse aggregates 





























| 
| Freezing test 
Coarse} Per- Sodium | OA 
aggre-| Type of coarse | centage] sulphate | aie. Per sgt pape at und of 
gate | aggregate —_ absorp-|_ soundness | fara. SILER ESIDUs 
No. tion test jab trst( ss 
| indica- | | | 
| pr 21 | 30 | 40 | 80 | 230 | 280 
1 | Limestone__-__- OSLO Sounds 2a. 21 ) 6 5 5 5 
2| Gravel__.__ ab ieee do- 21 30) ae pate 30 
Bet eh dos cee 28 Sih ew doleaaee HEY eyes aed 95| 95| 95] 98 
cae cs (ofa ees 1.21 | Unsound 21 eee ee Beeb. 
(al | Sse GOza see sole SOU. -2. 25 LOM See 95 | 95| 95] 98 
i eas Gloeaee ue 545) |eees domes yh See is a | Boece 40 | 40] 40 
7 | Dolomite-___-_- illite (SSeS do__ (1) 2 bog gh eee Be he |i 
8 | Diabase- -_-- 520) [ence do__ (1) S20) OSES bso. 
OO BAaSs) Uses ere ee ofa ee does (1) we Er (pecan (Bes ey pete | Pee 
10 | Limestone---_- (2) Unsound oh NES Eesn) 90°) 60560 
11 | Dolomite______ esol eee WGeeeea ts DUM xadlh b, SE eed 5 5 5 
12 | Limestone__-__- Mea Taya eee (ikea Ange AI Mel RR A 15 | 100 | 100 | 100 
L350 (Greve esate ns, AO ee dors 10 5 DB 6 54 6 5 
14 | Dolomite______ 7 Bes fal mths ee hose oko LOD eet os sO 80 | 80 80 
15 | Limestone_-_-__- Eg jaan do_ OE) ek aS SON eee 85 
ANG) | ea (Shoe oe .08 | Sound__- SO es ae eens (50) 3 5 
Ligieslage ao sores 2; SO sew! do_. 4 et eae a 5 Se. 10 10 30 
LSE eee ro Kom ee. Ue areal (8) (3) 21 2 l 1 | 1] ] 60 
1 No action. 2 Variable; see discussion. 3 Test not made. 
thorough freezing could be accomplished in about 24 


hours, the capacity of the plant proved entirely inade- 
quate for the volume of concrete which was to be frozen. 
This was demonstrated at the end of 50 and again at the 
end of 100 cycles of freezing and thawing, when tests for 
modulus of rupture of the frozen beams were made and 
the results compared to similar tests on unfrozen speci- 
mens. Inneither case was there evidence of any delete- 
rious effect of frost action, even in the 1:3:6 mixes. 

Second cycle —It was realized after these experiments 
that in order to increase the efficiency of the freezing 
plant to a point where it would be possible actually to 
freeze the specimens, it would be necessary to reduce 
very materially the number frozen at one time. In 
view of the time required to do this, it was decided to 
try freezing a full set of the 1:3:6 specimens in the 
cold-storage plant at the old Center Market, Washing- 
ton, D. C., where it was possible to obtain not only 
lower temperatures (a minimum of about 5° F.) but 
also much greater capacity, resulting in more rapid 
freezing. This cycle consisted of alternately immersing 
in water at 70° F. and freezing in air at a minimum of 
5° F. The duration of each complete alternation was 
24 hours. The specimens subjected to this test were 
of the 1:3:6 mix and comprised beams which had 
already been subjected to 100 alternations at Arlington. 
Three beams for each aggregate were subjected to this 
cycle and at the conclusion of 70 alternations were 
tested for modulus of rupture in comparison with 
similar beams unfrozen. The concrete specimens at this 
time were approximately two years old. The results of 
these tests are shown in Table 5. It will be observed 
that there is, in all cases, a falling off in strength due to 
freezing. The extent of this reduction varies from 3 per 
cent in the case of aggregate No. 10, to 100 per cent in 
the case of aggregate No. 14. However, an examination 
of the data fails to show any definite relation between 
the soundness of the aggregate as revealed by either 
the sodium sulphate test or a freezing test and the 
soundness of the concrete. An inspection of the frozen 
specimens after test indicated that the reduction in 
strength was, in almost all cases, due to a weakening 
of the mortar rather than to the coarse aggregate. 
Exception to this conclusion may be noted in aggregate 





| No. 14, a silicious and argillaceous dolomite. In this 
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case action had progressed to the point where the con- 
crete failed before any load could be applied. Failure 
was undoubtedly accelerated by action on the aggre- 
gate. It is of interest to note that concrete containing 
the two limestones and the dolomite which were sound 
by the sodium sulphate test (Nos. 1, 7, and 16) showed 
relatively high resistance to frost action, as did also 
one unsound limestone, No. 10. The two trap rock 
concretes, Nos. 8 and 9, although the coarse aggregates 
were of unquestioned soundness, showed low resistance, 
possibly because of some condition associated with bond 
between mortar and aggregate. 


TaBLe 5.—Hffect of alternate freezing and thawing on the flexural 
strength of concrete containing various types and grades of coarse 





aggregate. Each value average of tests on three specimens. 
IPTODOLTIONS =< ae see ee ee Sle ee eS 1:3:6 by volume. 
Consistency. ae = ee _... Medium. 


_. Approximately 1.40. 

_ Approximately 2 years. 
100 alternations, cycle No. 1 
70 alternations, cycle No. 2 


Water-cement ratio 
Apeat tests c 22 oat 2 ee eee 
Freezing treatment....:...2.-..2.:.--- 














Nl 
| Modulus of rupture 
or Wer f coarse Rating of coarse in pounds te eg ee 
ee ry ES oes aggregate, sodium me Veena 
Saucy) aggregate | sulphate test dss 
No, strength 
Frozen |Unfrozen 
—|- Bees SSAEg ER ee Se eS Re is = 
1 | Limestone Sound Stee. sess 354 | 373 5 
amare aul War. te nee ee oe h GOs eeas SU tate oe 264 340 22 
Ane. do. es ees Was mc See ose 266 348 24 
Sal eee do Sounds see Se ee 271 340 ny 
(Mees Cc Ka peeee AR re a 8 A OK COUGH O ne. 2 Se gee ele 244 384 
Tw DOLOmILCHee see een 0 2S eerie 390, 435 10 
8 | Diabase (2. a0 See ene etree 272 383 29 
ON MB aSel Ge aes oly, PES te dO at tear 341 | 418 18 
10 | Limestone- Unsound____- 435 | 440 3 
11 | Dolomite__ _do 841 } 452 25 
12 | Limestone _do 272) } 384 29 
13 | Gravel-__- _do : 360 | 478 25 
14 | Dolomite_. wp aah OA : (1) EASY. (eon Dae 
{6 | Limestone- Sounds. == shal 362 | 432 16 
17 | Slag___ Ua don Vesa 342 | 435 21 
1S ees doz.= 2 -| eA ae et ke 337 448 25 














1 Concrete failed before load could be applied. 


Third cycle—The test results which are reported in 
Table 5 indicated that, even under the low-temperature 
condition obtaining at the Center Market, action would 
be very slow on the richer mixtures. It was accord- 
ingly decided to abandon this method of freezing entirely 
in favor of some method which would insure a more ac- 
celerated action. For this purpose the small ice ma- 
chine used for the freezing tests on the aggregates was 
employed. The specimens for freezing were prepared 
by sawing concrete beams which had been stored under 
earth continuously until this time into prisms, 4 inches 
in width. This provided specimens 6 by 6 by 4 inches 
in size, each of which had two sawed faces, exposing 
the coarse aggregate, three faces which had been in 
contact with the form and one face which was the 
surface of the original beam as molded. The specimens 
were sawed with a large circular saw set with carbo- 
rundum teeth. Four specimens for each aggregate, 
two of each of the 1:2:4 and 1:1:3 mixes, were pre- 
pared for test. The group of thirty-six 1:2:4 specimens 
was tested first, the alternations being so arranged that 
one specimen of each aggregate was freezing while the 
other was thawing. This provided for the freezing of 
18 specimens at one time. The freezing of the 1:1%:3 
specimens followed the completion of 200 alternations 
on the 1:2:4 concretes. The 1:11:3 specimens were 
frozen for a total of 130 alternations. Figure 1 illus- 
trates the appearance of the prisms before test. The 
varied effects of alternate. freezing and thawing are 
shown in Figure 2. 











Tasty 6.—Relation between soundness of coarse aggregates and 
resistance of concrete to freezing and thawing. Age at test, 
approximately 3 years 
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1 The average water-cement ratio (uncorrected for absorption) was approximately 
0.8 for the 1:114:3 concretes and approximately 1 for the 1:2:4 concretes. ; ‘ 

2 Freezing tests on the 1:114:3 specimens were discontinued at the expiration of 
130 alternations. 

3 Figures in parentheses indicate percentage of total sample affected at the end of 
280 alternations. (See Table 4.) 

460 per cent disintegrated at 130 alternations. 

5 90 per cent disintegrated at 130 alternations. 

6 Bottom of specimen frozen in water for 10 alternations. Failure at 110. 

7 No quantitative determination. A number of fragments softened. 

8 40 per cent disintegrated at 130 alternations. 

9 30 per cent disintegrated at 130 alternations. 


One complete alternation was accomplished in 24 
hours. The time of freezing for each lot was alternated 
from week to week between 8 hours and 16 hours; that 
is, during the first week one lot would freeze 8 hours 
and thaw 16 hours, and the other lot freeze 16 hours 
and thaw 8 hours. During the second week the lots 
were reversed so that eventually each specimen aver- 
aged 12 hours freezing and 12 hours thawing in each 
24-hour cycle. 

The position of the prisms in the freezing cans was 
changed daily. The prisms were placed in the cans in 
three tiers, three prisms in each tier, arranged so as to 
have a l-inch air space surrounding all specimens. 
Tests for rate of freezing made by means of thermo- 
couples installed at the center of the prism indicated 
that the temperature of the concrete reached the freez- 
ing point approximately one hour after being placed, 
in the cans. From this point the temperature dropped 
at the rate of about 9° F. per hour to a minimum of 
anu — 4°F., which was maintained until the end of the 
cycle. 

There follows a brief summary of observations taken 
during the freezing test on the prisms which gives, 
for each coarse aggregate, an indication of the rate at 
which disintegration developed, as well as a statement 
of the general characteristics of the coarse aggregate, 
its rating by the sodium sulphate soundness test, and 
the results of direct freezing tests on the aggregate. 
The data given in this summary are also given in tabu- 
lar form (Tables 3, 4, and 6) except that tabular results 
for the concrete freezing tests shown in Table 6 give 
only the number of alternations at first indication of 
failure and at final failure. Absorption and abrasion 
tests on the coarse aggregate are shown’ in Table 3 
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and the results of sodium sulphate and freezing and 
thawing tests on the aggregate in Table 4. 

As stated before, there were two prisms for each ag- 
gregate and each of the two mixes, 1:2:4and1:1%:3. In 
making the studies on which the summaries which follow 
are based, both prisms of each.group were examined 
visually and the datagivenconstituteaveragesforthetwo. 

OF 1:144:3 AND 1:2:4 CONCRETE 

Aggregate No. 1. Siliceous limestone from Frederick, 
Md.—(a) General characteristics: A hard siliceous lime- 
stone with a percentage of wear of 4.2 and a low ab- 
sorption of 0.10. (6) Sodium sulphate test: Sound. 
(c) Freezing test on the aggregate: At 21 alternations 
about 5 per cent of sample showed failure by splitting 
along cleavage lines on planes of weakness. No 








grated in 50 alternations and completely disintegrated 
in 65 alternations. The 1:1%:3 prisms were somewhat 
more resistant, total failure occurring at 90 alternations. 
In neither case was the coarse aggregate affected in any 
way. Failure occurred through softening of mortar, 
followed by loosening of the bond between the mortar 
and the coarse aggregate. 

Aggregate No. 4. Gravel from Allegheny River, near 
Pitisburgh, Pa-—(a) General characteristics: Gravel 
consisting of rounded fragments of sandstone with some 
quartz. Percentage of wear, modified Deval test, 12.3; 
absorption 1.21. (6) Sodium sulphate test: Unsound. 


(c) Freezing test on the aggregate: Softening of some 
of the sandstone fragments noted at 21 alternations. 
Action progressive from that point with about 50 per 
cent of entire sample affected at 230 alternations. 
Very little further action at 280 alternations. 


Large 






SiLicious LIMESTONE 





DIABASE 


GRAVEL CONTAINING QUARTZ, CHERT, GNEISS, 
SCHIST, AND SANDSTONE 


ARGILLACEOUS LIMESTONE 





GRAVEL CONTAINING DOLOMITE, LIME- 
STONE, CHERT, GRANITE, AND SHALE 


Figure 1.—HEXamPpiLes or ConcrEetTe Prisms Usrep IN FREEZING TESTS, SHOWING SAWED SuRFAcE WitTH AGGRE- 


GATE EXPOSED. 


further action at the end of 280 alternations. Rated 
as sound by freezing test. (d) Freezing tests on con- 
crete: Tops and sides of prisms began to scale at about 
40 alternations in the case of the 1:14%:3 prisms and at 
about 55 alternations in the case of the 1:2:4 prisms. 
The 1:2:4 prisms completely disintegrated at the end 
of 90 alternations. The 1:1%:3 prisms disintegrated 
at 100 alternations. Failure due in both cases to 
expansion of mortar on freezing, causing splitting and 
disintegration of concrete. Coarse aggregate entirely 
unaffected. Disintegration of the 1:1%:3 prisms 
seemed to progress somewhat faster in certain stages 
than that of the 1:2:4 specimens, although difference 
in behavior was not marked. 

Aggregate No. 8. Gravel from Wateree, Richland 
County, S. C—(a) General characteristics: A gravel 
consisting essentially of very soft, friable fragments of 
sandstone and so-called sugary quartz. Sample showed 
a percentage of wear of 32.6 by modified Deval test 
and an absorption of 0.58. (b) Sodium sulphate test: 
Sound. (c) Freezing test on the aggregate: Softening 
of individual pieces of sandstone noted at 10 alterna- 
tions. Ninety-five per cent of sample affected at 40 
alternations. About 2 per cent sound at the end of 
280 alternations. Rated as unsound by freezing test. 
(dq) Freezing tests on concrete: Top and sides of 1:2:4 
prisms began to scale at about 40 alternations. Cor- 
ners and edges of 1:1%:3 prisms began to spall at about 
50 alternations. 1:2:4 prisms 50 per cent disinte; 





NumMBERS CorRESPOND WirH THOSE GIVEN IN TABLE 3 


pieces of sandstone weathered slightly on surface but 
did not soften or crack. Rated as unsound in freezing 
test. (d) Freezing tests on the concrete: First failure 
in 1:2:4 prisms noted at about 60 alternations and in 


1:1%:3 prisms at about 70 alternations. Top ot 
prism scaled. Corners and edges spalled. Action 


from this point progressed up to total failure of both 
sets at approximately 110 alternations. A very small 
percentage of the coarse aggregate (1 to 5 per cent) 
affected. Failure due to softening of mortar and 
loosening of bond between mortar and coarse aggregate. 

Aggregate No. 5. Gravel from Millville, N. J—(a) 
General characteristics: Gravel consisting essentially 
of rounded fragments of sugary quartz, very friable. 
Percentage of wear, 27.6 by modified Deval test. Ab- 
sorption, 0.51 per cent. (6) Sodium sulphate test: 
Sound. (c) Freezing test on aggregate: First failure 
at 10 alternations, 95 per cent total sample affected 
at 40 alternations, 98 per cent at 280 alternations. 
Rated as unsound in freezing test. (d) First failure 
on 1:2:4 prisms at about 50 alternations, on 1:14:3 
prisms at about 70 alternations. Corners spalling; tops 
of 1:2:4 prisms scaling. 1:2:4 prisms about 25 per 
cent disintegrated at 90 alternations and completely 
disintegrated at 100 alternations. 1:14:3 prisms about 
10 per cent disintegrated at 80 alternations and 100 
per cent disintegrated at 110 alternations. Action 
somewhat slower on richer concrete. Mortar failure in 
both cases. No action on coarse aggregate. 
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Aggregate No.6. Gravel from North Wilbraham, Mass.— 
(2) General characteristics: Glacial gravel consisting 
essentially of rounded fragments of quartz, quartzite, 
schist, and gneiss. Percentage of wear 18.3 by modified 
Deval test. Absorption 0.45 per cent. (6) Sodium 
sulphate test: Sound. (c) Freezing test on aggregate: 
First evidence of failure at 21 alternations, sheht soften- 
ing of surface of some fragments. At 80 alternations 
about 40 per cent of entire sample affected. No further 
action at 280 alternations. Rated as of questionable 
soundness by freezing test. (d) Freezing test on con- 
crete: Top of 1:2:4 prisms scaling at corners and spall- 
ing at 30 alternations. Corners “and edges of 1:14:3 
prisms spalling at 40 alternations. Progressive failure 
on both sets resulting in total failure of 1:2:4 prisms 
at 70 alternations and total failure of 1: 14:3 prisms 
at 80 alternations. No action on coarse aggregate, 
failure being due to disintegration of mortar. 

Aggregate No. 7. Dolomite from Forest, Ohio.—(a) 
General characteristics: Dolomite, uniform in color, 
hardness, and composition. Percentage of wear, 9; 
absorption, 1.36. (6) Sodium sulphate test: Sound. 
(c) Freezing test on aggregate: No action to 280 alter- 
nations. (d) Freezing test on concrete: Top of 1:2:4 
prisms scaling with corners and sides spalling at 30 
alternations. Similar action on 1:1:3 prisms at 40 
alternations, except that top did not scale. Both sets 
completely disintegrated at 90 alternations. No ac- 
tion on coarse agoregate. Mortar softened between 
particles of coarse aggregate. Bond between mortar 
and coarse aggregate, however, did not fail, as mortar 
continued to adhere to surface of coarse ageregate even 
after failure of prisms. 

Aggregate No. 8. Diabase (trap) from New Haven, 
Conn.—(a) General characteristics: Diabase, uniform 
in color, hardness, and composition. Percentage of 
wear, 2.8; absorption, 0.20. (6) Sodium sulphate test: 
Sound. (c) Freezing test on aggregate: No action in 
280 alternations. (d) Freezing test on concrete: First 
signs of failure in 1:2:4 prisms at 20 alternations, 
followed by rapid progressive disintegration. Ninety 
per cent disintegrated at 50 alt ernations and completely 
disintegrated at 65 alternations. Action on 1:1%:3 
prisms ‘started at 40 alternations with 90 per cent Ae 
integrated at 80 alternations followed by complete 
failure at 90 alternations. No action on coarse aggre- 
gate. Bond between mortar and coarse aggregate 
loosened. 

Aggregate No. 9. Basalt (trap) from Bound Brook, 
N. J—(a) General characteristics: Basalt of uniform 
color, hardness, and composition. Percentage of wear, 
2; absorption, 0.10 percent. (6) Sodium suphate test: 
Sound. (c) Freezing test on aggregate: No action in 
280 alternations. (d) Freezing test on concrete: Initial 
failure of 1:2:4 prisms at 20 ‘alternations, followed by 
progressive action, with 90 per cent disintegration at 
55 alternations and 100 per cent disintegration at 65 
alternations. The 1:1%:3 prisms showe d initial failure 
at 40 alternations, “ih, 90 per cent disintegration at 85 
alternations and 100 per cent disintegration at 100 al- 
ternations. Mortar softened and loosened from coarse 
ageregate, which wasunaffected. Behavior almost iden- 
tical with that observed in case of aggregate No. 8. 

Aggregate No. 10. Limestone from Bucyrus, Ohio.—(a) 
General characteristics: Limestone varying consider- 
ably in quality, ranging from argillaceous with percent- 
age of wear equaling 3.6 and absorption of 0.59 to white 
crystalline with percentage of wear equaling 7 and 
absorption 2.65 per cent. Argillaceous material ap- 








proximately 50 per cent of total. (6) Sodium sulphate 
test: Unsound. (c) Freezing test on aggregate: Several 
particles disintegrated at OT alternations; 380 per cent 
softened at 80 alternations and 60 per cent at 280 
alternations. The argillaceous material completely 
disintegrated, with white crystalline fraction weakened. 
Rated as unsound in freezing test. (d) Freezing test on 
concrete: First failure of 1: 2: 4 prism at 50 alternations; 
sides and top scaling. This was followed by rapid 
progressive failure so that 90 per cent was disintegrated 
at 70 alternations and 100 per cent at 90 alternations. 
The action on the 1:1%:3 prism was somewhat slower, 
initial scaling and spalling not being noted until after 
85 alternations. Sixty per cent of prisms had disinte- 
grated at 130 alternations. About 5 per cent of coarse 
ageregate (argillaceous) affected. Failure due to 
softening of mortar. Mortar still adhered to particles 
of coarse ageregate, indicating good bond. 

Aggregate "No. 11. Dolomite from Thornton, Ill—(a) 
General characteristics: Dolomite. Percentage of wear 
5.38; Absorption, 1.35. About 50 per cent of total 
sample very porous. Some carbonaceous matter pres- 
ent. (6) Sodium sulphate test: Unsound. | (¢) Freezing 
test on aggregate: Several pieces containing carbona- 
ceous matter softened at end of 21 alternations. No 
further action at 280 alternations. Rated as sound in 
freezing test. (d) Freezing test on concrete: Initial 
failure ‘of 11224 prism at about 50 alternations consist- 
ing of scaling and surface pitting. Prisms disintegrated 
50 per cent at 140 alternations, and 100 per cent at 150 
alternations. Mortar failure with good bond, however, 
between mortar and coarse aggregate. About 10 per 
cent of aggregate affected. The 1:1:3 prisms showed 
first signs of failure (scaling and “th tas at 85 alterna- 
tions, with 90 per cent prism disintegrated at 130 alter- 
nations. Behavior similar to 1:2:4 prisms except that 
initial action was somewhat delayed. 

Aggregate No. 12. Argillaceous Limestone from St. 
Paul, Minn.—(a) General characteristics: A dark 
argillaceous limestone, uniform in color, hardness, and 
composition. Absorption 1.35 per cent. No value for 
percentage of wear reported. (6) Sodium sulphate test: 
Unsound. (c) Freezing test on aggregate: Indications 
of surface weathering of individual pieces at 21 alterna- 
tions; 15 per cent of sample disintegrated at 40 alterna- 
tions and 100 per cent disintegrated at 80 alternations. 
Rated as unsound in freezing test. (d) Freezing test 
on concrete: Surface pitting on 1:2:4 prism with 
softening of exposed coarse aggregate noted at 20 
alternations. Prisms 70 per cent disintegrated at 55 
alternations and 100 per cent disintegrated at 70 alter- 
nations. All coarse aggregate softened to putty-like 
consistency. Similar action on 1:1%:3 prisms, except 
that initial action was considerably delayed. Initial 
failure noted at 40 alternations; prisms 40 per cent 
disintegrated at 85 alternations and completely disin- 
tegrated at 100 alternations. Failure by action on 
both mortar and coarse aggregate. 

Aggregate No. 18. Gravel from Appleton, Minnesota.— 
(a) General characteristics: Rounded fragments of 
dolomite, limestone, chert, granite and shale. Per- 
centage of wear, modified Deval test, 7; absorption 0.49 
per cent. (6) Sodium sulphate test: Unsound. (ce) 
Freezing test on aggregate: Pieces of shale (about 1 per 
cent of total) disintegrated at 10 alternations. About 5 
per cent (schists and sandstone) disintegrated at 21 
alternations. No further action to 280 alternations. 
Rated as sound in freezing test. (d) Freezing test on 
concrete: Initial failure due to popping out of exposed 
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shale fragments from surface. Observed on 1:2:4 
prism at 35 alternations; on 1: 1%: 3 prism at 40 alterna- 
tions. 1:2:4 prisms 5 per cent disintegrated at 140 
alternations and completely disintegrated at 200 alter- 
nations. Observations on 1:14:3 prisms after 40 alter- 
nations meaningless because of error in freezing. 

Aggregate No. 14. Dolomite from Monroe, Mich a) 
General characteristics: Siliceous and argillaceous 
dolomite with cavities. Thin bedding planes of argil- 
laceous material. Percentage of wear, 7.6; absorption, 
2.24. (b) Sodium sulphate test: Unsound. (c) Freez- 
ing test on aggregate: First failure, consisting of soften- 
ing of argillaceous material, noted at 10 alternations. 
At 30 alternations 30 per cent of entire sample affected, 
with 80 per cent affected at 80 alternations. Siliceous 
dolomite unaffected. No further action to 280 alterna- 
tions. Rated as unsound by freezing test. (d) Freez- 
ing test on concrete: Initial failure (scaling and spalling) 
on both sets of prisms at about 85 alternations. Forty 
per cent of the 1:2:4 prisms disintegrated at 140 alter- 
nations and 25 per cent of the 1: Ly: 3 prisms disinte- 
grated at 120 alternations. The 1:2:4 prisms com- 
pletely disintegrated at 160 alternations. Forty per 
cent of the 1:14:3 prisms disintegrated at 130 alterna- 
tions. Unsound particles of coarse aggregate in both 
prisms disintegrated. From 20 to 50 per cent of the 
siliceous dolomite was affected. 

Aggregate No. 16. Limestone from Buffalo, N. Y.— 
(a) General characteristics: Dark gray limestone con- 
taining flint. Percentage of wear, 4.2; absorption, 0.08 
per cent. (b) Sodium sulphate test: Sound. (c) Freez- 
ing test on aggregate: First indication of failure at 
80. alternations. About 5 per cent of material spalled 
along cleavage lines. No further action at 200 alter- 
nations. At 280 alternations 50 per cent of sample 
showed a softening along edges of individual pieces. 
Rated as sound in freezing test. (d) Freezing test on 
concrete: The 1: 2:4 prisms showed scaling on top at 
about 55 alternations; 10 per cent disintegrated at 90 
alternations, with two pieces of exposed chert cracked. 
Prisms 50 per cent disintegrated at 140 alternations 
and 100 per cent disintegrated at 160 alternations. 
Mortar softened. Bond with chert particles broken. 
Number of chert fragments cracked and split. The 
1:1%:3 prisms showed first signs of failure at about 85 
 CoaASeTe (mortar pitting on surface). Prisms were 
30 per cent disintegrated at 130 alternations, with 
particles of chert cr acked and split. 

Aggregate No. 17. Blast furnace slag, from Hubbard, 
Ohio.—(a) General characteristics: A porous blast 
furnace slag, weight per cubic foot about 70 pounds. 
Absorption 2.85 per cent. (6) Sodium sulphate test: 
Sound. (c) Freezing test on aggregate: First evidence 
of failure at 21 alternations. At 80 alternations about 
10 per cent of sample (the light honeycombed pieces) 
weakened. At 280 alternations about 30 per cent of 
particles weakened. Rated as sound in freezing test. 
(d) Freezing test on concrete: The 1:2:4 prisms “began 
scaling at 22 alternations. At 50 alternations about 
40 per cent of prisms disintegrated. Prisms 100 per 
cent disintegrated at 65 alternations. Mortar failure. 
Coarse aggregate unaffected. 

Failure of 1:1%:3 prisms started at 40 alternations. 
At 80 alternations prisms had disintegrated 10 per cent. 
Total disintegration at 130 alternations. 

Aggregate No. 18. Blast Furnace slag from Leetonia, 
Ohio—(a) General characteristics: Blast furnace slag. 
Weight per cubic foot approximately 85 pounds. 





(6) Sodium sulphate soundness test not made.  (c) 
Freezing test on aggregate: First evidence of failure at 
21 alternations. About 1 per cent of total sample 
(light, porous pieces) weakened. No noticeable fur- 
ther action until 280 alternations, at which examination 
showed about 60 per cent of sample weakened. Rated 
as of questionable soundness in freezing test. (d) 
Freezing test on concrete: The 1:2:4 prisms showed 





FigurE 2.—EXAMPLES TYPICAL OF CONCRETE PRISMS AFTER 


ALTERNATE FREEZING AND THAWING. NUMBERS CORRES- 
POND WiTH THOSE GIVEN IN TABLE 3. PRISMS IN UPPER 
PHoToGrRapH, 1:14%:3 Mix Arrer 83 ALTERNATIONS; 
LOWER Paorognara, As 4 Mix Arrer 140 ALTERNATIONS 


scaling on top and sides at 35 alternations. Prisms 
50 per cent disintegrated at 55 alternations and com- 
pletely disintegrated at 65 alternations. Mortar fail- 
ure, although some of the lighter slag fragments were 
weakened. The 1: 14:3 prisms started pitting and 
scaling at 15 alternations. Prisms were 100 per cent 
disintegrated at 80 alternations. A mortar failure, 
although light honeycombed pieces of slag were affected. 


DISCUSSION 


The most interesting fact to be noted from a study 
of these results is that, in spite of the wide variation 
in the quality of the coarse aggregate used, failure of the 
concrete due to freezing and thawing in practically all 
instances was due to a weakening and consequent break- 
ing down of the mortar portion of the concrete. Al- 
though a number of the coarse aggregates were composed 
of either very soft or friable pieces, or showed unsound- 
ness by the sodium sulphate test, the concretes in which 
these materials were used were, in general, just as 
resistant as concrete containing coarse aggregate of 
known durability. This applied to both the 1:2:4 
and the 1:1%:3 mixtures, although a study of the data 
will show in almost all cases greater resistance in the 
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1:1%:3 mixes. This is due, no doubt, to the fact that 
in the richer mixtures the aggregates were incorporated 
in a paste haying a considerably lower water-cement 
ratio, with consequently increased resistance to frost 
action. 

Included in this series of tests were six aggregates 
which were rated as unsound in the sodium sulphate 
test. Two of these were gravels and four limestones. 
In only one case (aggregate No. 12), an argillaceous 
limestone, is there any indication that failure may have 
been accelerated by the character of the coarse agere- 
gate. However, even in this case as many alternations 
were required to disintegrate the concrete as were 
necessary in the case of the concrete containing the trap 
rock aggregates, Nos. 8 and 9, both of which were of 
unquestioned soundness. Aggregate No. 14, which 
was also an argillaceous material, showed up very well 
in cyele No. 3, although the 1: 3:6 specimens contain- 
ing this aggregate were very badly affected as evidenced 
by the failure of the beams in cycle No. 2 to stand any 
appreciable load. (See Table 5.) This is an apparent 
reversal in behavior which it is rather difficult to explain. 
It is of course possible that the specimens had become 
weakened through action on the coarse aggregate some 
time before actual disintegration took place. It is 
interesting to note, however, that no evidence what- 
ever of weathering (that is, surface scaling, pitting, 
etc.), which in most cases appeared at about 40 alter- 
nations, was observed until 85 alternations had been 
made. This would certainly indicate that the unsound- 
ness noted in this particular aggregate was not accom- 
panied by appreciable volume change, such as occurs 
when certain varieties of chert are subjected to frost 
action. 

Gravels No. 3 and No. 5 are of interest because they 
represent a certain type of very friable quartz gravel 
known as sugary quartz which occurs along the Atlan- 
tic seaboard. Because of their extreme friability the 
use of these aggregates has been questioned by many 
engineers. These tests indicate that, although the 
aggregates failed in a direct freezing test, they were 
not of such a character as to cause unsoundness in the 
concrete. The same is true of aggregate No. 4, from 
the Allegheny River, near Pittsburgh. Although show- 
ing unsound in the sodium sulphate test, this unsound- 
ness did not apparently contribute in any way to the 
failure of the 1:1%:3 or 1:2:4 concrete prisms. With 
the possible exception of aggregate No. 12, this seemed 
to be true also of all of the other aggregates which were 
rated as unsound in the sodium sulphate test. Here 
again, this particular behavior is due probably to the 
fact that in none of these cases did unsoundness 
manifest itself by violent volume change in the coarse 
aggregate. The results indicate that where the type 
of material is such that weathering produces merely a 
softening of the fragments, unaccompanied by volume 
change, the ultimate behavior of the concrete will be 
controlled largely by the quality of the cement matrix, 
rather than by the quality of the aggregate. It should 
be remembered that no attempt was made to include 
manifestly unsatisfactory materials, such as shale, in 
this series of tests. The idea was rather to include a 











number of so-called border-line materials—materials 
which are frequently rejected because of failure to meet 
some arbitrary laboratory test but concerning the real 
value of which we have little data. 

In this connection it is of interest to call attention to 
the results which were secured on aggregate No. 15, a 
cherty limestone from Quincy, Ill. These results, as 
well as those for aggregate No. 2, Potomac River gravel, 
were not included in Tables 5 and 6 because a different 
cement was used in making up the concrete and direct 
comparisons are therefore not possible. However, 
observations of the concrete prisms containing agere- 
gate No. 15 indicated beyond doubt that disintegration 
in this particular coarse aggregate was accompanied by 
volume change. In both prisms the first noticeable 
actlon was a popping out of exposed chert particles in a 
manner similar to that observed in actual service. This 
action started at five alterations of freezing and thaw- 
ing. This particular aggregate contained approxi- 
mately 70 per cent chert by weight. 

It is realized that the method of evaluating the results 
of freezing tests by means of a visual examination of the 
specimen has many drawbacks. It involves the per- 
sonal equation to a considerable extent and also fails to 
express quantitatively any weakening of the concrete 
due to frost action which is not manifested in actual 
disintegration. At the time these tests were made, 
however, the bureau’s facilities for conducting freezing 
tests did not permit of the storing of specimens of 
sufficient size for strength tests after freezing. 

In spite of these objections it is felt that the observa- 
tions made in connection with this work were sufficiently 
precise to enable us to draw a reasonably accurate 
picture of the relative behavior of these specimens in 
the freezing test. The tests were not extensive enough 
to warrant drawing definite conclusions. It is believed, 
however, that certain trends have been indicated with 
sufficient definiteness to throw some additional light on 
this particular problem. These indications are -as 
follows: 

1. That, within the range in variation of aggregate 
quality covered by these tests, variations in the quality 
of mortar caused by changes in the water-cement ratio 
of the cement paste will have a greater effect upon the 
resistance of concrete to frost action than will variations 
in the type and character of the coarse aggregate. 

2. That failure of coarse aggregates in the sodium 
sulphate soundness test is not necessarily an indication 
that the aggregate is unsatisfactory for use in concrete 
to be exposed to the weather. 





——— 





(Continued from p. 31) 


since, of the money so reinvested in productive indus- 
try, labor again receives the major part, it is not unrea- 
sonable to suggest that as much as 90 per cent and 
probably more of the original expenditure for a concrete 
pavement ultimately finds its way into wages and sal- 
aries and that this percentage is not greatly changed 
by the turn of the cycle from prosperity to depression 
and back again. 
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ROAD PUBLICATIONS of the BUREAU OF PUBLIC ROADS 





ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 
Report of the Chief of the Bureau of Public Roads, 1927. 
Report of the Chief of the Bureau of Public Roads, 1928. 
Report of the Chief of the Bureau of Public Roads, 1929. 


DEPARTMENT BULLETINS 


*No. 136D . . Highway Bonds. 20 cents. 


*No. 347D . . Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10 cents. 


*No. 532D . . The Expansion and Contraction of Concrete 
and Concrete Roads. 10 cents. 

*No. 583D . . Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25 cents. 

*No. 660D . . Highway Cost Keeping. 10 cents. 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 192] and 1922. 

No. 1486D . . Highway Bridge Location. 


TECHNICAL BULLETINS 


No. 55T . . Highway Bridge Surveys. 
No. 265T . . Electrical Equipment on Movable Bridges. 


SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


MISCELLANEOUS CIRCULARS 
No. 62MC .. Standards Governing Plans, Specifications, 


Contract Forms, and Estimates for Federal- 
Aid Highway Projects. 


*No. 93MC . . Direct Production Costs of Broken Stone. 25c. 


No. 1O9MC . . Federal Legislation and Regulations Relating 
to the Improvement of Federal-Aid Roads and 
National-Forest Roads and Trails, Flood 


Relief, and Miscellaneous Matters. 


MISCELLANEOUS PUBLICATION 


No. 76MP .. The Results of Physical Tests of Road-Build- 
ing Rock. 


TRANSPORTATION SURVEY REPORTS 


Report of a Survey of Transportation on the State Highway 
System of Ohio. (1927.) 


Report of a Survey of Transportation on the State Highways 
of Vermont. (1927.) 


Report of a Survey of Transportation on the State Highways 
of New Hampshire. (1927.) 


Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio. (1928.) 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania. (1928.) 


Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States. (1930.) 


REPRINTS FROM THE 
JOURNAL OF AGRICULTURAL RESEARCH 


Vol. 5,No.17,D- 2 . . Effect of Controllable Variables upon 
the Penetration Test for Asphalts 
and Asphalt Cements. 


5, No. 19, D— 3 . . Relation Between Properties of Hard- 
ness and Toughness of Road-Build- 
ing Rock. 


5, No. 24,D- 6 . . A New Penetration Needle for Use 


in Testing Bituminous Materials. 


Vol. 11, No. 10, D-15 . . Tests of a Large-Sized Reinforced- 
Concrete Slab Subjected to Eccen- 
tric Concentrated Loads. 


REPRINT FROM PUBLIC ROADS 
Reports on Subgrade Soil Studies. 


Vol. 


Vol. 





LEASE NOTE: Applicants are urgently requested to ask only for those pub- 
lications in which they are particularly interested.e The Department can not 
undertake to supply complete sets nor to send free more than one copy of any publi- 
cation to any one person.e The editions of some of the publications are necessarily 
limited, and when the Department's free supply is exhausted and no funds are avail- 
able for procuring additional copies, applicants are referred to the Superintendent of 


Documents, Government Printing Office, Washington, D. C., who has them for sale 
at a nominal price, under the law of January 12, 1895.¢ Those publications in 
this list, the Department supply of which is exhausted, can only be secured by 
purchase from the Superintendent of Documents, who is not authorized to furnish 
publications free. @ @ @ © Numbers marked with an asterisk |*| indicate 
Department supply is exhausted. 
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